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About Geometry 


In Geometry, you will develop reasoning and problem solving skills as you 
study topics such as congruence and similarity, and apply properties of 
lines, triangles, quadrilaterals, and circles. You will also develop problem 
solving skills by using length, perimeter, area, circumference, surface area, 
and volume to solve real-world problems. 


In addition to its geometry content, Geometry includes numerous examples 
and exercises involving algebra, data analysis, and probability. These math 
topics often appear on standardized tests, so maintaining your familiarity 
with them is important. To help you prepare for standardized tests, 
Geometry provides instruction and practice on standardized test questions 
in a variety of formats—multiple choice, short response, extended response, 
and so on. Technology support for both learning geometry and preparing 
for standardized tests is available at classzone.com. 
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Using Your Textbook 


Your textbook contains many resources that you can use for reference when you 
are studying or doing your homework. 


IN EVERY CHAPTER 


BIGIDEAS The second page of every chapter includes a list of important ideas 
developed in the chapter. More information about these ideas appears in the 
Chapter Summary page at the end of the chapter. 


POSTULATES AND THEOREMS The Postulate and Theorem notebook displays 
present geometric properties you will use in reasoning about figures. You may 
want to copy these statements into your notes. 


KEY CONCEPTS The Key Concept notebook displays present main ideas of the 
lesson. You may want to copy these ideas into your notes. 


VOCABULARY New words and review words are listed in a column on the first 
page of every lesson. Vocabulary terms appear highlighted and in bold print 
within the lesson. A list of vocabulary appears in the Chapter Review at the end of 
each chapter. 


MIXED REVIEW Every lesson ends with Mixed Review exercises. These exercises 
help you review earlier lessons and include exercises to prepare you for the next 
lesson. Page references with the exercises point you to the lessons being reviewed. 


STUDENT RESOURCES AT THE BACK OF THE BOOK 


& SKILLS REVIEW HANDBOOK Use the Skills Review Handbook topics on 

pages 869-895 to review material learned in previous courses. 

EXTRA PRACTICE Use the Extra Practice on pages 896-919 for more exercises 
or to review a chapter before a test. 

TABLES Refer to the tables on pages 920-925 for information about 
mathematical symbols, measures, formulas, squares, and trigonometric ratios. 
POSTULATES AND THEOREMS Refer to pages 926-931 for a complete list of all 
postulates and theorems presented in the book. 

ADDITIONAL PROOFS Refer to pages 932-938 for longer proofs of some of the 
theorems presented in the book. 

GLOSSARY Use the English-Spanish Glossary on pages 939-980 to see 
definitions in English and Spanish, as well as examples illustrating vocabulary. 
INDEX Look up items in the alphabetical Index on pages 981-1000 to find 
where a particular math topic is covered in the book. 

WORKED-OUT SOLUTIONS In each lesson, exercises identified by a red circle 
have complete worked-out solutions starting on page WS1. These provide a 
model for what a full solution should include. 


SELECTED ANSWERS Use the Selected Answers starting on page SA1 to check 
your work. 


Using Your Textbook = XXi 


, 


Essentials ¢ 5 


Sie Sie 


_ 


1.2 Use Seentelte 5 andoneree c bie 

1.3 Use Midpoint and Distance Forn las 
1.4 Measure and Classify Angles me 
1.5 Describe Angle Pair Relationships 

1.6 Classify Polygons 


1.7 Find Perimeter, Circumference, and Area 


In previous courses, you learned the following skills, which you'll use in 
Chapter 1: finding measures, evaluating expressions, and solving equations. 


VOCABULARY CHECK 
Copy and complete the statement. 


1. The distance around a rectangle is calledits_?_, and the distance around 
acircleiscalledits 2? . 


2. The number of square units covered by a figure is calledits_? . 


SKILLS AND ALGEBRA CHECK 
Evaluate the expression. (Review p. 870 for 1.2, 1.3, 1.7.) 
3. |4-6| 4. |3-11| 5. |-4+5| 6. |—8 — 10| 


Evaluate the expression when x = 2. (Review p. 870 for 1.3-1.6.) 
7. SX 8. 20 — 8x 9. —18 + 3x 10. —5x —4+ 2x 


Solve the equation. (Review p. 875 for 1.2-1.7.) 
11. 274 = —2z 12. 8x + 12 = 60 13. 2y-—5+ 7y = —32 


14. 6p + 114+ 3p=-7 15. 8m —-—5=25-2m 16. —2n + 18 = 5n — 24 
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In Chapter 1, you will apply the big ideas listed below and reviewed in the 
Chapter Summary on page 59. You will also use the key vocabulary listed below. 


© Describing geometric figures 
© Measuring geometric figures 
© Understanding equality and congruence 


KEY VOCABULARY 
* undefined terms, p. 2 * congruent segments, p. 77 * linear pair, p. 37 
point, line, plane * midpoint, p. 15 * vertical angles, p. 37 
- defined terms, p. 3 + segment bisector, p. 15 * polygon, p. 42 
+ line segment, endpoints, + acute, right, obtuse, * convex, concave, p. 42 
p.3 straight angles, p. 25 * n-gon, p. 43 
* ray, opposite rays, p. 3 * congruent angles, p. 26 * equilateral, equiangular, 
* postulate, axiom, p. 9 * angle bisector, p. 28 regular, p. 43 
ee : . , Ve v 
a al , a 


Geometric figures can be used to represent real-world situations. For 
example, you can show a climber’s position along a stretched rope by a point 
on a line segment. 


The animation illustrated below for Exercise 35 on page 14 helps you answer 
this question: How far must a climber descend to reach the bottom of a cliff? 


AC is 52 feet and AB is 31 feet. How much farther must the climber descend to reach the 
bottom of the cliff? Enter your answer in the box below and click “Check Answer.” 


Distance the climber has to descend = feet. 


Use the given information to enter a 
distance. Then check your answer. 


Lat) 
Your goal is to find the distance from a 
climber’s position to the bottom of a cliff. 
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Other animations for Chapter 1: pages 3, 21, 25, 43, and 52 


1.1 


Now 
Why 


¢ undefined terms 
point, line, plane 

¢ collinear points 

¢ coplanar points 

¢ defined terms 

¢ line segment 

° endpoints 

°ray 

* opposite rays 

¢ intersection 


: TAKE NOTES 


Renee eee eee eee eee ee eeeeeeeeee 


? When you write new 

: concepts and yellow- 

: highlighted vocabulary 
? in your notebook, 

? be sure to copy all 

: associated diagrams. 


You studied basic concepts of geometry. 


You will name and sketch geometric figures. 


In the diagram of 

a football field, the 
positions of players are 
represented by points. 
The yard lines suggest 
lines, and the flat surface 
of the playing field can 
be thought of as a plane. 


Identify Points, Lines, 
and Planes 


So you can use geometry terms in the real world, as in Ex. 13. 


KEY CONCEPT 


Undefined Terms 


Point A point has no dimension. It is 
represented by a dot. 


Line A line has one dimension. It is 
represented by a line with two arrowheads, 
but it extends without end. 


Through any two points, there is exactly one 
line. You can use any two points on a line 
to name it. 


Plane A plane has two dimensions. It is 
represented by a shape that looks like a floor 
or a wall, but it extends without end. 


Through any three points not on the same 
line, there is exactly one plane. You can use 
three points that are not all on the same line 
to name a plane. 


2 Chapter 1 Essentials of Geometry 


In geometry, the words point, line, and plane are unde 
These words do not have formal definitions, but there is agreement about 
what they mean. 


For Your Notebook 


point A 


A 
ie 
line J, line AB (AB), 
or line BA (BA) 


hoy 


plane M or plane ABC 


Ss 


Collinear points are points that lie on the same line. Coplanar points are 
points that lie in the same plane. 


( EXAMPLE 1 ] Name points, lines, and planes 


<—> 
: VISUAL REASONING a. Give two other names for PQ and for plane R. 
: ‘ate : aoa b. Name three points that are collinear. n 
: a aks ewin Inthe Name four points that are coplanar. G 
: diagram. Try to imagine /T- 
ape : ’ Solution 


: what plane SPQ would 
: look like if it were 
: shown. 


a. Other names for 6) are OP and line n. 
Other names for plane R are plane SVT 
and plane PTV. 


b. Points S, P, and T lie on the same line, so they are collinear. Points S, P, T, 
and V lie in the same plane, so they are coplanar. 
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vo GUIDED PRACTICE for Example 1 


1. Use the diagram in Example 1. Give two other names for ST. Namea point 
that is not coplanar with points Q, S, and T: 


DEFINED TERMS In geometry, terms that can be described using known 
words such as point or line are called defined terms. 


KEY CONCEPT For Your Notebook 


Defined Terms: Segments and Rays 


: line 
* Line AB (written as AB) and points A and Bare 
: used here to define the terms below. A B 
; Segment The line segment AB, or segment AB, segment 
(written as AB) consists of the endpoints A and ; ; 
. pay endpoint endpoint 
Band all points on AB that are between Aand B. o——___—_-« 
Note that AB can also be named BA. e - 
. — . 
Ray The ray AB (written as AB) consists of the ray 
<> 
endpoint A and all points on AB that lie on the endpoint 
same side of Aas B. , . F ag 
— — . 
Note that AB and BA are different rays. : 
endpoint 
+—o—_—_—_—_—_——“8 
A B 
2 . —- — 
If point C lies on AB between A and B, then CA sian ee: as 
—>" 


and CB are opposite rays. 


Segments and rays are collinear if they lie on the same line. So, opposite rays 
are collinear. Lines, segments, and rays are coplanar if they lie in the 
same plane. 


1.1. Identify Points, Lines, and Planes 


( EXAMPLE 2 } Name segments, rays, and opposite rays 


a. Give another name for GH. 


b. Name all rays with endpoint J. Which 
of these rays are opposite rays? 


: AVOID ERRORS 


Pere eC ESTO O Sr) 


In Example 2, JG and Solution 

: JF have a common a. Another name for GH is HG. 

= endpoint, but are not . . > OS => . ; 

: collinear. So they are b. The rays with endpoint J are > JE, JIG, JF ,and L JH. The pairs of opposite rays 
: not opposite rays. with endpoint / are JE and JF, and JG and JH. 


Vv GUIDED PRACTICE for Example 2 


Use the diagram in Example 2. 
2. Give another name for EF. 


=> = => — 
3. Are HJ and JH the same ray? Are HJ and HG the same ray? Explain. 


INTERSECTIONS Two or more geometric figures intersect if they have one or 
more points in common. The intersection of the figures is the set of points 
the figures have in common. Some examples of intersections are 

shown below. 


m 
; y 
n 
The intersection of two The intersection of two 
different lines is a point. different planes is a line. 


( EXAMPLE 3 } Sketch intersections of lines and planes 


a. Sketch a plane and a line that is in the plane. 
b. Sketch a plane and a line that does not intersect the plane. 


c. Sketch a plane and a line that intersects the plane at a point. 


Solution 


Chapter 1 Essentials of Geometry 


Sketch intersections of planes 


Sketch two planes that intersect in a line. 


Solution 


STEP 7 Draw a vertical plane. Shade the 
plane. 


STEP 2 Draw asecond plane that is 
horizontal. Shade this plane a 
different color. Use dashed lines to 
show where one plane is hidden. 


STEP 3 Draw the line of intersection. 


vo GUIDED PRACTICE for Examples 3 and 4 


4. Sketch two different lines that intersect a 
plane at the same point. 
Use the diagram at the right. 
5. Name the intersection of PG and line k. 


6. Name the intersection of plane A and plane B. 


7. Name the intersection of line k and plane A. 


EXERCI SES HOMEWORK: (-) = WORKED-OUT SOLUTIONS 
1 I KEY: on p. WS1 for Exs. 15, 19, and 43 
: « & STANDARDIZED TEST PRACTICE 
Exs. 2, 7, 13, 16, and 43 


SKILL PRACTICE 


1. VOCABULARY Write in words what each of the following symbols means. 
a. Q b. MN c. ST d. FG 


2. *& WRITING Compare collinear points and coplanar points. Are collinear 
points also coplanar? Are coplanar points also collinear? Explain. 


: EXAMPLE 1 NAMING POINTS, LINES, AND PLANES In Exercises 3-7, use the diagram. 


ane Secccsbcessee 


2 <—> 
S for Exs. 3-7 3. Give two other names for WQ. g 


4. Give another name for plane V. Ww 

5. Name three points that are collinear. Then name a L_— 
fourth point that is not collinear with these three points. y gf 

6. Name a point that is not coplanar with R, S, and T. 


7. * WRITING Is point Wcoplanar with points Q and R? Explain. 


1.1. Identify Points, Lines, and Planes 5 


Senne eaten eeeneeeee 


: onp.4 
: for Exs. 8-13 


: EXAMPLES 


Preece rer rrrrrrr irri s 


H for Exs. 14-23 


[_] 24. NAMING RAYS Name 10 different rays in the diagram at 


NAMING SEGMENTS AND RAYS In Exercises 8-12, use the diagram. 
8. What is another name for ZY? 
9. Name all rays with endpoint V. 


10. Name two pairs of opposite rays. 


< —_— 
11. Give another name for WV. 


12. ERROR ANALYSIS A student says that VW and VZ are opposite rays 
because they have the same endpoint. Describe the error. 


13. * MULTIPLE CHOICE Which statement 
about the diagram at the right is true? 
() A, B, and Care collinear. 

C, D, E, and Gare coplanar. 
© Blies on GE. 
@® EFand ED are opposite rays. 


SKETCHING INTERSECTIONS Sketch the figure described. 
_ 14. Three lines that lie in a plane and intersect at one point 
(is) One line that lies in a plane, and one line that does not lie in the plane 
16. * MULTIPLE CHOICE Line AB and line CD intersect at point E. Which of 
the following are opposite rays? 
@® EC and ED CE and DE © ABand BA @®) Af and BE 


READING DIAGRAMS In Exercises 17-22, use the diagram at the right. 
17. Name the intersection of PR and HR. 

18. Name the intersection of plane EFG and plane FGS. 
| Name the intersection of plane PQS and plane HGS. 
20. Are points P, Q, and F collinear? Are they coplanar? 


21. Are points P and G collinear? Are they coplanar? 


22. Name three planes that intersect at point E. 


23. SKETCHING PLANES Sketch plane J intersecting plane K. Then draw 
a line £ on plane J that intersects plane K at a single point. 


the right. Then name 2 pairs of opposite rays. 


25. SKETCHING Draw three noncollinear points J, K, and L. 
— — — 
Sketch JK and add a point M on JK. Then sketch ML. 


| 26. SKETCHING Draw two points P and Q. Then sketch PO. Add a point Ron 
the ray so that Qis between P and R. 


cy = WORKED-OUT SOLUTIONS %* = STANDARDIZED 
TEST PRACTICE 


: REVIEW 
? ALGEBRA 


: For help with 
? equations of 
: lines, see 

: p. 878. 


@) ALGEBRA In Exercises 27-32, you are given an equation of aline anda 
y' 8 q 
point. Use substitution to determine whether the point is on the line. 


27. y=x-4;AG, I) 28. y=x+ 1; A(I, 0) 29. y=3x+4;A(7, 1) 
30. y = 4x + 2; A(1, 6) 31. y= 3x — 2; A(-1, —5) 32. y= —2x + 8; A(-4, 0) 
GRAPHING Graph the inequality on a number line. Tell whether the graph 

is a segment, a ray or rays, a point, or a line. 

33. x<3 34. x2 -4 35. -7<x<4 

36. x>50rx< -2 37. x2-lorx<5 38. |x| <0 


39. CHALLENGE Tell whether each of the following situations involving 
three planes is possible. If a situation is possible, make a sketch. 


a. None of the three planes intersect. 

. The three planes intersect in one line. 

. The three planes intersect in one point. 

. Two planes do not intersect. The third plane intersects the other two. 


onn oe 


. Exactly two planes intersect. The third plane does not intersect the 
other two. 


P 


one Scoacanceeuwe 
: for Exs. 40-42 


ROBLEM SOLVING 


EVERYDAY INTERSECTIONS What kind of geometric intersection does the 


photograph suggest? 


40. 4l. 42. 


ee gon ne ee te eee 


; 


(43) * SHORT RESPONSE Explain why a four-legged table may rock from side 
to side even if the floor is level. Would a three-legged table on the same 
level floor rock from side to side? Why or why not? 


@Homelutor — for problem solving help at classzone.com 


44. SURVEYING A surveying instrument is placed ona 
tripod. The tripod has three legs whose lengths can 
be adjusted. 


a. When the tripod is sitting on a level surface, are the 
tips of the legs coplanar? 


b. Suppose the tripod is used on a sloping surface. 
The length of each leg is adjusted so that the base 
of the surveying instrument is level with the horizon. 
Are the tips of the legs coplanar? Explain. 


@Homelutor for problem solving help at classzone.com 
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45. MULTI-STEP PROBLEM In a perspective drawing, lines that do not 
intersect in real life are represented by lines that appear to intersect at 
a point far away on the horizon. This point is called a vanishing point. 
The diagram shows a drawing of a house with two vanishing points. 


a. Trace the black line segments in the drawing. Using lightly dashed 
lines, join points A and B to the vanishing point W. Join points EF and 
F to the vanishing point V. 


b. Label the intersection of EV and AW as G. Label the intersection of 
—> — 
FV and BW as H. 

c. Using heavy dashed lines, draw the hidden edges of the house: 


AG, EG, BH, FH, and GH. 


46. CHALLENGE Each street in a particular town intersects every existing 
street exactly one time. Only two streets pass through each intersection. 


2 streets 3 streets 4 streets 


a. A traffic light is needed at each intersection. How many traffic lights 
are needed if there are 5 streets in the town? 6 streets? 


b. Describe a pattern you can use to find the number of additional 
traffic lights that are needed each time a street is added to the town. 


MIXED REVIEW 


Find the difference. (p. 369) 
47. -15-—9 48. 6 — 10 49. —25 — (-12) 
50. 13 — 20 51. 16 — (—4) 52. —5 = 15 
; PREVIEW Evaluate the expression. (p. 870) 
eee 63, 5 « |-o +4] sh 64-7 —6 56. <7» lie= 0] 
ae Plot the point in a coordinate plane. (p. 878) 


56. A(2, 4) 57. B(—3, 6) 58. E(6, 7.5) 


8 EXTRA PRACTICE @ ONLINE QUIZ at classzone.com 


1.2 


Now 


Key Vocabulary 
* postulate, 
axiom 


¢ coordinate 
e distance 
¢ between 


* congruent 
segments 


Use Segments 
and Congruence « 


You learned about points, lines, and planes. 
You will use segment postulates to identify congruent segments. 
So you can calculate flight distances, as in Ex. 33. 


In Geometry, a rule that is accepted without proof is called a postulate or 
axiom. A rule that can be proved is called a theorem, as you will see later. 
Postulate 1 shows how to find the distance between two points on a line. 


POSTULATE For Your Notebook 


POSTULATE 1 Ruler Postulate 
. . . names of points 
The points on a line can be matched one Af ep 


to one with the real numbers. The real 
: number that corresponds to a point is the 
> coordinate of the point. coordinates of points 


x Xo 


The distance between points A and B, A 
written as AB, is the absolute value of the oe 
difference of the coordinates of A and B. 


In the diagrams above, the small numbers in the coordinates x, and x, are 
called subscripts. The coordinates are read as “x sub one” and “x sub two.” 


The distance between points A and B, or AB, is also called the length of AB. 


( EXAMPLE 1 ) Apply the Ruler Postulate 


Measure the length of ST to the nearest tenth of a centimeter. 


s T 
—""""""""6 


Solution 


Align one mark of a metric ruler with S. Then estimate the coordinate of T: 
For example, if you align S with 2, T appears to align with 5.4. 


Ss T. 
VY geeRee aA EEA UA Uae 
om 4 #2 8 4 5 6 


ST = [5.4 = 2| = 3.4 Use Ruler Postulate. 


> The length of ST is about 3.4 centimeters. 


1.2 Use Segments and Congruence 9 


ADDING SEGMENT LENGTHS When three points are collinear, you can say 
that one point is between the other two. 


A : D é 
C sp 


Point B is between points A and C. Point E is not between points D and F. 


POSTULATE For Your Notebook 


POSTULATE 2 Segment Addition Postulate 


If B is between A and C, then AB + BC = AC. A 
* IfAB + BC = AC, then Bis between A and C. A B C 
: |—AaB—{-Be- 


( EXAMPLE 2 ] Apply the Segment Addition Postulate 


MAPS The cities shown on 
the map lie approximately 
in a straight line. Use the 
given distances to find the 
distance from Lubbock, 
Texas, to St. Louis, Missouri. 


Solution 


Because Tulsa, Oklahoma, lies 
between Lubbock and St. Louis, 
you can apply the Segment 
Addition Postulate. 


LS = LT + TS = 380 + 360 = 740 


> The distance from Lubbock to St. Louis is about 740 miles. 


vo GUIDED PRACTICE for Examples 1 and 2 


Use aruler to measure the length of the segment to the nearest 4 inch. 


—______________-e o—____________e 
Le v 2.% Q 


In Exercises 3 and 4, use the diagram shown. 


3. Use the Segment Addition Postulate to 


x 
find XZ. ZY 50 7 
4. In the diagram, WY = 30. Can you use 
the Segment Addition Postulate to find Ww 
the distance between points Wand Z? 
Explain your reasoning. 
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: READ DIAGRAMS 


TORE eRe eee eee eee eee en eenenee 


In the diagram, the red 
; tick marks indicate that 
: AB = CD. 


Use the diagram to find GH. 


Solution 


Use the Segment Addition Postulate to write an equation. Then solve the 


equation to find GH. 
FH=FG+GH — Segment Addition Postulate 


36 = 21+ GH Substitute 36 for FH and 21 for FG. 


15 = GH Subtract 21 from each side. 


CONGRUENT SEGMENTS Line segments that have the same length are called 
congruent segments. In the diagram below, you can say “the length of AB is 


equal to the length of CD,” or you can say “AB is congruent to CD.” 


The symbol = means “is congruent to.” 


Lengths are equal. 


o—___—1___—_ 

A B AB= CD 
AN 

oe ————_o as ” 

C D is equal to 


Segments are congruent. 


CD 


AB = 
an 


“is congruent to” 


( EXAMPLE 4 ] Compare segments for congruence 


: REVIEW USING A 
: COORDINATE PLANE 


: For help with usinga 
$ coordinate plane, see 
: p. 878. 


Plot J(—3, 4), K(2, 4), L(1, 3), and M(1, —2) in a coordinate plane. 


Then determine whether JK and LM are congruent. 


Solution 


To find the length of a horizontal segment, 
find the absolute value of the difference of 
the x-coordinates of the endpoints. 


JK= \2 — (—3) | =5 Use Ruler Postulate. 


To find the length of a vertical segment, 
find the absolute value of the difference of 
the y-coordinates of the endpoints. 


LM = |-2 = 3| =5 Use Ruler Postulate. 
> JK and LM have the same length. So, JK = LM. 


vo GUIDED PRACTICE for Examples 3 and 4 


5. Use the diagram at the right to find WX. 


6. Plot the points A(—2, 4), B(3, 4), C(0, 2), 
and D(0, —2) in a coordinate plane. Then 


144 


determine whether AB and CD are congruent. 


1.2 Use Segments and Congruence 


11 


1.2 EXERCISES = (“i O-nunmiieseui 
e KE Y: on p. WS1 ar Exs. 13, 17, and 33 
: ke = STANDARDIZED TEST PRACTICE 
Exs. 2, 20, 27, and 34 


SKILL PRACTICE 
CO In Exercises 1 and 2, use the diagram at the right. 
1. VOCABULARY Explain what MN means and what e+ ——_* 
M P Q N 
MN means. 


2. *& WRITING Explain how you can find PN if you know 
PQ and QN. How can you find PN if you know MP and MN? 


: EXAMPLE 1 MEASUREMENT Measure the length of the segment to the nearest tenth of 


: onp.9 a centimeter. 
: for Exs. 3-5 . ‘ - ‘ 
an B 46 D a: F 


: EXAMPLES SEGMENT ADDITION POSTULATE Find the indicated length. 


>: 2and3 

b Fecrentontonsectansins 6. Find MP. 7. Find RT. 8. Find UW. 

: on pp. 10-11 

: for Exs. 6-12 oe 9 9—_______» —_________s ——______o___- 
MS5WN 18 P R 22 Ss 22 iF U 39 V 2 W 

9. Find XY. 10. Find BC. 11. Find DE. 

-———— [/——»——_ |» —__] 
o————_———+—_—_—-“* "8 o—e—______—_——_———"* 
Xx YR Z A 27 B C D CE 50 F 


12. ERROR ANALYSIS In the figure at the right, 
AC = 14 and AB = 9. Describe and correct the ,. =p 
error made in finding BC. 
BC =14+9=23 


: EXAMPLE 4 CONGRUENCE In Exercises 13-15, plot the given points in a coordinate 


Henne ene eeneweenneeee 


on p. 11 plane. Then determine whether the line segments named are congruent. 
ee (3) a0, 1), B(4, D, CU, 2), DA, 6); ABand CD 
14. J(—6, —8), K(—6, 2), L(-2, —4), M(-6, —4); JK and LM 
15. R(—200, 300), S(200, 300), T(300, —200), U(300, 100); RS and TU 


3) ALGEBRA Use the number line to find the indicated distance. 
16. JK (7) iL 18. JM 19. KM 
J K L M 


7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 


[-] 20. * SHORT RESPONSE Use the diagram. Is it possible to use the Segment 
Addition Postulate to show that FB > CB or that AC> DB? Explain. 


A D F C B 
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FINDING LENGTHS In the diagram, points V, W, X, Y, and Zare collinear, 
VZ = 52, XZ = 20, and WX = XY = YZ. Find the indicated length. 


21. WX 22. VW 23. WY 


V 
24. VX 25. WZ 26. VY W xX 
f Z 

27. %*& MULTIPLE CHOICE Use the diagram. 

What is the length of EG? — ix 

OX _ 
E Tae, 

® 1 4 ey 

© 10 @D 16 os 
GD ALGEBRA Point S is between R and T on RT. Use the given information 
to write an equation in terms of x. Solve the equation. Then find RS and ST. 
28. RS = 2x + 10 29. RS = 3x — 16 30. RS = 2x- 8 

ST=x-4 ST=4x—-8 ST = 3x — 10 

RT = 21 RT = 60 RT=17 

[-] 31. CHALLENGE In the diagram, AB = BC, AC = CD, and ; 


AD = 12. Find the lengths of all the segments in the 

diagram. Suppose you choose one of the segments at 

random. What is the probability that the measure of B 
the segment is greater than 3? Explain. A 


° 


PROBLEM SOLVING 


[|] 32. SCIENCE The photograph shows an insect called a 
walkingstick. Use the ruler to estimate the length 
of the abdomen and the length of the thorax to 


the nearest 5 inch. About how much longer is the 
walkingstick’s abdomen than its thorax? 


for problem solving help at classzone.com 


: EXAMPLE 2 (3) MODEL AIRPLANE In 2003, a remote-controlled model airplane became 


: on p. 10 the first ever to fly nonstop across the Atlantic Ocean. The map shows 
: for Ex. 33 the airplane’s position at three different points during its flight. 


Leave Cape Spear, 
Newfoundland 


Approximate position 


after about 1 day 


Land at Mannin Bay, 
Ireland, after nearly 
38 hours 


a. Find the total distance the model airplane flew. 


b. The model airplane’s flight lasted nearly 38 hours. Estimate the 
airplane’s average speed in miles per hour. 


“Py ee . 
@Homelutor — for problem solving help at classzone.com 


1.2 Use Segments and Congruence 13 


[_] 34. %& SHORT RESPONSE The bar graph shows the win-loss record for a 
lacrosse team over a period of three years. 
a. Use the scale to find the length 
of the yellow bar for each year. 
What does the length represent? 


Win-Loss Record 


b. For each year, find the percent 
of games lost by the team. 


c. Explain how you are applying 
the Segment Addition Postulate 
when you find information from 
a stacked bar graph like the 
one shown. Number of games 

W Wins Losses 


35. MULTI-STEP PROBLEM A climber uses a rope to descend a vertical cliff. 
Let A represent the point where the rope is secured at the top of the 
cliff, let B represent the climber’s position, and let C represent the point 
where the rope is secured at the bottom of the cliff. 


a. Model Draw and label a line segment that represents the situation. 


b. Calculate If AC is 52 feet and AB is 31 feet, how much farther must the 
climber descend to reach the bottom of the cliff? 


J at classzone.com 


[] 36. CHALLENGE Four cities lie along z : : : 
a straight highway in this order: | GityA | CityB § CityC — CityD 
City A, City B, City C, and City D. City A ? ? ? 
The distance from City A to City B 1 i | 


is 5 times the distance from City B City B | ? | ? ? 
to City C. The distance from City City C ? ? 10 mi 
A to City D is 2 times the distance | | ] 

City D ? ? ? 


from City A to City B. Copy and 
complete the mileage chart. 


MIXED REVIEW 


: PREVIEW 


: Prepare for 
: Lesson 1.3 
: in Exs. 37-42. 


14 


Simplify the expression. Write your answer in simplest radical form. (p. 874) 


37. V45 + 99 38. V144+ 36 39. 42 + (—2)? 


Solve the equation. (p. 875) 
40. 4m+5=7+6m 41. 13—-4h=3h-8 42. 17 + 3x = 18x — 28 


Use the diagram to decide whether the 
statement is true or false. (p. 2) D 


43. Points A, C, E, and Gare coplanar. ee A 


— =... . 
44. DF and AG intersect at point E. J 


—= => . 
45. AE and EG are opposite rays. fo 


EXTRA PRACTICE for Lesson 1.2, p. 896 ED) ONLINE QUIZ at classzone.com 


1 3 Use Midpoint and 
°~*" Distance Formulas 


You found lengths of segments. 


Now You will find lengths of segments in the coordinate plane. 
So you can find an unknown length, as in Example 1. 


Key AV ul ; V 

Key Vocabulary FOLD A SEGMENT BISECTOR 

¢ midpoint 

* segment bisector STEP1 STEP 2 STEP 3 


B 
a ee a 


Draw AB on a piece of Fold the paper so that Label point M. Compare 
paper. B is on top of A. AM, MB, and AB. 


MIDPOINTS AND BISECTORS The midpoint of a segment is the point that 
divides the segment into two congruent segments. A segment bisector is 
a point, ray, line, line segment, or plane that intersects the segment at its 
midpoint. A midpoint or a segment bisector bisects a segment. 


-——f_§ —__}___.§ 

A M B A D B 
Mis the midpoint of AB. CD is a segment bisector of AB. 
So, AM = MB and AM = MB. So, AM = MB and AM = MB. 


Gi Find segment lengths 


SKATEBOARD In the skateboard design, VW bisects XY at 
point T, and XT = 39.9 cm. Find XY. 


Solution 


Point T is the midpoint of XY. So, XT = TY = 39.9 cm. 


XY = XT+ TY Segment Addition Postulate 
= 39.9 + 39.9 Substitute. 
= 79.8 cm Add. 


xX 


1.3. Use Midpoint and Distance Formulas 


15 


Gi Use algebra with segment lengths 


@) ALGEBRA Point Mis the midpoint 4x-1 3x +3 
of VW. Find the length of VM. V M Ww 
Solution 
: REVIEW ALGEBRA STEP 7 Write and solve an equation. Use the fact that that VM = MW. 
: For help with solving VM = MW Write equation. 


: equations, see p. 875. 
4x-1=3x+3 Substitute. 


x-1=3 Subtract 3x from each side. 
x=4 Add 1 to each side. 
STEP 2 Evaluate the expression for VM when x = 4. 
VM = 4x —-1=4(4)-1=15 
> So, the length of VM is 15. 


CHECK Because VM = MW, the length of MW should be 15. If you evaluate 
the expression for MW, you should find that MW = 15. 


MW = 3x + 3=3(4)+3=15V 


vo GUIDED PRACTICE for Examples 1 and 2 


: READ DIRECTIONS In Exercises 1 and 2, identify the segment bisector of PQ. Then find PQ. 
: Always read direction 5 
: lines carefully. Notice Me 13 2. i 


that this direction line P M Q 
: has two parts. 
N 


COORDINATE PLANE You can use the coordinates of the endpoints of a 
segment to find the coordinates of the midpoint. 


KEY CONCEPT For Your Notebook 

The Midpoint Formula 

The coordinates of the midpoint of a y 

segment are the averages of the Vy aise, He) 

x-coordinates and of the y-coordinates oe 

of the endpoints. Nn 7 Yo pike Wt Nr 
2 


IfA(,, y,) and B(,, y,) are points ina 

coordinate plane, then the midpoint M Nn Alx,, y;) 
of AB has coordinates 
x; + Xo Vy + Vo 

2’ 2 , 
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( EXAMPLE 3 ) Use the Midpoint Formula 


: CLEAR FRACTIONS 


ene e eee e eee een eee eeeeeneeeeen) 


: Multiply each side of 
: the equation by the 

: denominator to clear 
: the fraction. 


a. FIND MIDPOINT The endpoints of RS are R(1, —3) and S(4, 2). Find 
the coordinates of the midpoint M. 


b. FINDENDPOINT The midpoint of /Kis M(2, 1). One endpoint is 
Jd, 4). Find the coordinates of endpoint K. 
Solution 
a. FIND MIDPOINT Use the Midpoint Formula. 


1+4 -3+2\_ 5 _1l 
u(ts4 2 M(>, | 


> The coordinates of the midpoint MW 


cee 
are (2, 5} 


b. FIND ENDPOINT Let (x, y) be the coordinates 
of endpoint K. Use the Midpoint Formula. 


STEP 7 Find x. STEP 2 Find y. 
l+x_ ay _ 
5) =2 ae cen 
l+x=4 4+y=2 
x=3 y= -2 


> The coordinates of endpoint K are (3, —2). 


vo GUIDED PRACTICE for Example 3 


3. The endpoints of AB are A(1, 2) and B(7, 8). Find the coordinates of the 
midpoint M. 


4. The midpoint of VWis M(-—1, —2). One endpoint is W(4, 4). Find the 
coordinates of endpoint V. 


DISTANCE FORMULA The Distance Formula is a formula for computing the 
distance between two points in a coordinate plane. 


KEY CONCEPT For Your Notebook 


: READ DIAGRAMS 


: The red mark at one 
: corner of the triangle 
: shown indicates a 

: right triangle. 


The Distance Formula 


If A(x,, y,) and B(x,, y,) are points in 
a coordinate plane, then the distance 
between A and B is 


AB = V(x, - a + (¥ - ae 


1.3 Use Midpoint and Distance Formulas 


17 


The Distance Formula is based on the Pythagorean Theorem, which you will 
see again when you work with right triangles in Chapter 7. 


Distance Formula Pythagorean Theorem 
(AB)? = (x, — x,)? + (y, — y,)? c2 =a? +b? 
y 
BX, Yo) 
lve —- | 2 b 
A(x, Y;) C(x,, y;) 
WF] | x, = vA | ] Y a 


* ( EXAMPLE 4 ] Standardized Test Practice 


; ELIMINATE CHOICES: What is the approximate length of RS with endpoints R (2, 3) 

: Drawing a diagram and S(4, —1)? 

: can help you eliminate 

: olen ae Ganse6 @® 1.4 units 4.0 units © 4.5 units @® 6units 


: that choice A is not 


: large enough to be RS. 
Solution 


Use the Distance Formula. You may find it helpful 
to draw a diagram. 


oS Vx, = *)° + YW — y,)° Distance Formula 


= \V[(4 — 2)]? + [((-1) —3]2 _ Substitute. 


= \/(2)* + (—4)? Subtract. 


=V44+16 Evaluate powers. 
= V20 Add. 
: READ SYMBOLS 
S encbcccscvesccsoscossosssesccnceoded > ~= 4.47 Use a calculator to approximate 


: The symbol ~ means “is 


: approximately equal to.” Mie square raot, 


> The correct answer is C. @ © ® 


vo GUIDED PRACTICE for Example 4 


5. In Example 4, does it matter which ordered pair you choose to substitute 
for (x,, y,) and which ordered pair you choose to substitute for (x,, y,)? 
Explain. 


6. What is the approximate length of AB, with endpoints A(—3, 2) and 
Bi, —4)? 


@ 6.1 units 7.2 units © 8.5 units @®) 10.0 units 
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EXERCISES HOMEWORK: (-) = WORKED-OUT SOLUTIONS 
1 2 KEY: on p. WS1 for Exs. 15, 35, and 49 


%& = STANDARDIZED TEST PRACTICE 
Exs. 2, 23, 34, 41, 42, and 53 


SKILL PRACTICE 


O 


: EXAMPLE 1 


FRAO eee e eee enneeeeee 


: for Exs. 3-10 


: EXAMPLE 2 


+ Fee e teen eee een eeenee 


: for Exs. 11-16 


: EXAMPLE 3 


: on p. 17 
: for Exs. 17-30 


1. VOCABULARY Copy and complete: To find the length of AB, with 
endpoints A(—7, 5) and B(4, —6), youcan use the _? . 


2. *& WRITING Explain what it means to bisect a segment. Why is it 
impossible to bisect a line? 


FINDING LENGTHS Line £ bisects the segment. Find the indicated length. 
3. Find RTif RS = 5s in. 4, Find UWif VW= in. 5. Find EGif EF = 13 cm. 


6. Find BCifAC=19cm. 7. Find QRif PR = 95 in. 8. Find LMif LN = 137 mm. 


9. SEGMENT BISECTOR Line RS bisects PQ at point R. Find RQ if PQ = 43 inches. 
10. SEGMENT BISECTOR Point T bisects UV. Find UVif UT = at inches. 


@) ALGEBRA In each diagram, M is the midpoint of the segment. Find the 
indicated length. 


11. Find AM. 12. Find EM, 13. Find JM. 
x+5 2x 1x 8x-—6 6x+7 4x+5 
a a a , * 1 © 5 M [ 
14. Find PR. (is) Find SU. 16. Find XZ. 
6x — 11 10x — 51 x+15 4x — 45 2x + 35 5x — 22 
a ae ; © wv © oO x M 3 


FINDING MIDPOINTS Find the coordinates of the midpoint of the segment 
with the given endpoints. 


17. C(3, 5) and D(7, 5) 18. E(0, 4) and F(4, 3) 19. G(—4, 4) and H(6, 4) 
20. J(—7, —5) and K(-3, 7) 21. P(—8, —7) and Q(11, 5) 22. S(—3, 3) and T(—8, 6) 


23. *& WRITING Develop a formula for finding the midpoint of a segment 
with endpoints A(0, 0) and B(m, n). Explain your thinking. 


1.3. Use Midpoint and Distance Formulas 19 


: EXAMPLE 4 


errs senedesines 
: for Exs. 31-34 


24, ERROR ANALYSIS Describe the error made in ee 
finding the coordinates of the midpoint ofa e524 a = (3, 2) 
segment with endpoints S(8, 3) and T(2, —1). 


FINDING ENDPOINTS Use the given endpoint R and midpoint M of RS to find 
the coordinates of the other endpoint S. 


25. R(3, 0), M(0, 5) 26. R(5, 1), MC, 4) 27. R(6, —2), M(5, 3) 
28. R(—7, 11), M(2, 1) 29. R(4, —6), M(-7, 8) 30. R(—4, —6), M(3, —4) 
DISTANCE FORMULA Find the length of the segment. Round to the nearest 

tenth of a unit. 


31. 


C] 34, %& MULTIPLE CHOICE The endpoints of MN are M(—3, —9) and N(4, 8). 


What is the approximate length of MN? 
@) 1.4 units 7.2 units ©) 13 units @®) 18.4 units 


NUMBER LINE Find the length of the segment. Then find the coordinate of 
the midpoint of the segment. 


@s) 36. <j pepe 37. 
-4 -2 0 2 4 —-8-6-4-2 02 4 —20 —10 


0 10 20 30 


38. <i stS. < eee) 40. <1 
=3. =6 =3 0 3 


41, *& MULTIPLE CHOICE The endpoints of LF are L(—2, 2) and F(3, 1). 
The endpoints of JR are J(1, —1) and R(2, —3). What is the approximate 
difference in the lengths of the two segments? 


CA) 2.24 2.86 ©) 5.10 @M) 7.96 


42, *% SHORT RESPONSE One endpoint of PQ is P(—2, 4). The midpoint of PQ 
is M(1, 0). Explain how to find PQ. 


COMPARING LENGTHS The endpoints of two segments are given. Find each 

segment length. Tell whether the segments are congruent. 

43. AB: A(0, 2), B(—3, 8) AA, EF. EG, 4), F(5, 1) 45. JK: J(-4, 0), K(4, 8) 
CD: C(—2, 2), D(0, —4) GH: G(-3, 1), H(1, 6) LM: L(—4, 2), M(3, —7) 


46. @) ALGEBRA Points S, T, and P lie on a number line. Their coordinates 
are 0, 1, and x, respectively. Given SP = PT, what is the value of x? 


[] 47. CHALLENGE Mis the midpoint of JK, JM = %, and JK = 38 — 6. Find MK. 


20 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED 
on p. WS1 TEST PRACTICE 


7 Pon p. 15 
: for Ex. 48 


PROBLEM SOLVING 


“biseats QRat point M. The length of QM is 
185 feet. Find QR and MR. 


@H @HomelTutor — for problem solving help at classzone.com 


(49) DISTANCES A house and a school are 5.7 kilometers apart on the same 


straight road. The library is on the same road, halfway between the house 
and the school. Draw a sketch to represent this situation. Mark the locations 
of the house, school, and library. How far is the library from the house? 


_@Hom Tutor for problem solving help at classzone.com 


ARCHAEOLOGY The points on the diagram show the positions of objects at 
an underwater archaeological site. Use the diagram for Exercises 50 and 51. 


Distance (m) 


50. Find the distance between each pair of objects. Round 
to the nearest tenth of a meter if necessary. 


a. Aand B b. Band C c. Cand D 
d. Aand D e. Band D f. AandC 


51. Which two objects are closest to each other? Which two are farthest apart? 


2 4 
Distance (m) 


6 x 


at classzone.com 


52. WATER POLO The diagram y 
shows the positions of three 
players during part of a water 
polo match. Player A throws 
the ball to Player B, who 
then throws it to Player C. 
How far did Player A throw 
the ball? How far did Player B 
throw the ball? How far would 
Player A have thrown the 
ball if he had thrown it 
directly to Player C? Round all 


0 
answers to the nearest tenth of 0 4 3 12 16 20 4 Bt 
a meter. 


Distance (m) 


_ 
a 


_ 
Lad 


Distance (m) 


co 
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53. * EXTENDED RESPONSE As shown, a path goes around a triangular park. 


a. Find the distance around the park to the y nS 
nearest yard. 60 


b. A new path and a bridge are constructed from 
point Q to the midpoint M of PR. Find QM 
to the nearest yard. 


c. Aman jogs from P to Qto Mto Rto Qand 
back to P at an average speed of 150 yards 
per minute. About how many minutes does ; 
it take? Explain. Distance (yd) 


Distance (yd) 


[| 54. CHALLENGE AB bisects CD at point M, CD bisects AB at point M, 


and AB = 4+ CM. Describe the relationship between AM and CD. 


: PREVIEW 


: Prepare for 
: Lesson 1.4 
: In Exs. 57-59. 


IXED REVIEW 


The graph shows data about the number of children in the families of 

students in a math class. (p. 888) 

1 child 28% 

2 children 56% 


3 or more 
children 16% 


55. What percent of the students in the class 
belong to families with two or more children? 


56. If there are 25 students in the class, how 
many students belong to families with two children? 


Solve the equation. (p. 875) 
57. 3x + 12+ x = 20 58. 9x + 2x+6—-—x=10 59. 5x — 22 — 7x + 2 = 40 


In Exercises 60-64, use the diagram at the right. (p. 2) 


60. Name all rays with endpoint B. yo 


61. Name all the rays that contain point C. yo eg 


62. Name a pair of opposite rays. 


tes wy 
63. Name the intersection of AB and BC. y 


64. Name the intersection of BC and plane P. 


Q 


22 


UIZ for Lessons 1.1-1.3 


1. Sketch two lines that intersect the same plane at two different points. 
The lines intersect each other at a point not in the plane. (p. 2) 


In the diagram of collinear points, AE = 26, AD = 15, 


° ° ° "66" "6 
and AB = BC = CD. Find the indicated length. (p. 9) A B C D E 
2. DE 3. AB 4. AC 
5. BD 6. CE 7. BE 


8. The endpoints of RS are R(—2, —1) and S(2, 3). Find the coordinates of the 
midpoint of RS. Then find the distance between R and S. (p. 15) 
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MIXED REVIEW of Problem Solving 


Lessons 1.1-1.3 
1. MULTI-STEP PROBLEM The diagram shows 


5. SHORT RESPONSE Point Eis the midpoint of 


- ’ <—_— <— 
existing roads (BD and DE) and a new road 
(CE) under construction. 


i | 


= i a 


6 


4 


Distance (mi) 


2 


0 
0 2 4 6 8 10 #12) x 


Distance (mi) 
a. If you drive from point B to point Eon 
existing roads, how far do you travel? 


b. If you use the new road as you drive from 
B to E, about how far do you travel? Round 
to the nearest tenth of a mile if necessary. 


c. About how much shorter is the trip from 
B to Fif you use the new road? 


. GRIDDED ANSWER Point M is the midpoint 
of PQ. If PM = 23x +5 and MQ = 25x — 4, 
find the length of PQ. 


. GRIDDED ANSWER You are hiking on a trail 
that lies along a straight railroad track. The 
total length of the trail is 5.4 kilometers. 
You have been hiking for 45 minutes at an 
average speed of 2.4 kilometers per hour. 
How much farther (in kilometers) do you 
need to hike to reach the end of the trail? 


. SHORT RESPONSE The diagram below shows 
the frame for a wall. FH represents a vertical 
board, and EG represents a brace. If 

FG = 143 cm, does the brace bisect FH? 

If not, how long should FG be so that the 
brace does bisect FH? Explain. 


AB and the midpoint of CD. The endpoints of 
AB are A(—4, 5) and B(6, —5). The coordinates 
of point C are (2, 8). Find the coordinates of 
point D. Explain how you got your answer. 


. OPEN-ENDED The distance around a figure 


is its perimeter. Choose four points in a 
coordinate plane that can be connected to 
form a rectangle with a perimeter of 

16 units. Then choose four other points 
and draw a different rectangle that has 

a perimeter of 16 units. Show how you 
determined that each rectangle has a 
perimeter of 16 units. 


. SHORT RESPONSE Use the diagram of a box. 


What are all the names that can be used to 
describe the plane that contains points B, F, 
and C2 Name the intersection of planes ABC 
and BFE. Explain. 


E 


. EXTENDED RESPONSE Jill is a salesperson 


who needs to visit towns A, B, and C. On the 
map below, AB = 18.7 km and BC = 2AB. 
Assume Jill travels along the road shown. 


a. Find the distance Jill travels if she starts 
at Town A, visits Towns B and C, and then 
returns to Town A. 


b. About how much time does Jill spend 
driving if her average driving speed is 
70 kilometers per hour? 

c. Jill needs to spend 2.5 hours in each town. 


Can she visit all three towns and return to 
Town A in an 8 hour workday? Explain. 
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Key Vocabulary 
e angle 
acute, right, 
obtuse, straight 
e sides, vertex of 
an angle 
¢ measure of 
an angle 
* congruent angles 
¢ angle bisector 
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1 Measure and 
° ™ Classify Angles 


Before You named and measured line segments. 
f Now | You will name, measure, and classify angles. 


So you can identify congruent angles, as in Example 4. 


An angle consists of two different rays with the same 
endpoint. The rays are the sides of the angle. The 
endpoint is the vertex of the angle. 

The angle with sides AB and AC can be named Z BAC, 
Z CAB, or ZA. Point A is the vertex of the angle. 


Name the three angles in the diagram. 
Z WXY, or Z YXW i j 
ZYXZ, or ZZXY 


ZWXZ, or ZZXW 
You should not name any of these angles 7 X because all three angles 


have X as their vertex. 


Z 


MEASURING ANGLES A protractor can be used to approximate the measure 
of an angle. An angle is measured in units called degrees (°). For instance, the 


measure of 7 WXZin Example 1 above is 32°. You can write this statement in 


two ways. 
Words The measure of 2 WXZ is 32°. 


Symbols m2 WXZ = 32° 


POSTULATE For Your Notebook 


POSTULATE 3 Protractor Postulate 


. = . . = 
Consider OB and a point A on one side of OB. 


The rays of the form OA can be matched 
one to one with the real numbers 


from 0 to 180. 


Ant" 


ofl 


The measure of 2 AOB is equal 
to the absolute value of the 
difference between the real 
—> —> 
numbers for OA and OB. 


Essentials of Geometry 


ae 


: READ DIAGRAMS 

: Ared square inside an 

? angle indicates that the 

? angle is a right angle. A A are ara 


Acute angle Right angle Obtuse angle Straight angle 
0°<m2A< 90° mZA = 90° 90°<mZA< 180° mZA = 180° 


( EXAMPLE 2 } Measure and classify angles 


Use the diagram to find the measure of the indicated 
angle. Then classify the angle. 


a. Z KH b. ZGHK ec. ZGHJ d. 2 GHL 


oy ws 
ROD 
\\ 


Solution F 


\. 
x 


ToL © 
\ 


yun” 


A protractor has an inner and an outer 
scale. When you measure an angle, 
check to see which scale to use. G H J 


ofuilinw 


0 


a. His lined up with the 0° on the inner scale of the protractor. HK passes 
through 55° on the inner scale. So, mZ KHJ = 55°. It is an acute angle. 


b. HG is lined up with the 0° on the outer scale, and HK passes through 125° 
on the outer scale. So, m2 GHK = 125°. It is an obtuse angle. 


c. mZGHJ = 180°. It is a straight angle. 


cA GUIDED PRACTICE for Examples 1 and 2 


1. Name all the angles in the diagram at the right. 
Which angle is a right angle? P R 


2. Draw a pair of opposite rays. What type of angle 
do the rays form? Q 


POSTULATE 
: READ DIAGRAMS 


: A point is in the interior 
? of an angle if it is 

: between points that 

: lie on each side of the 
: angle. 


POSTULATE 4 Angle Addition Postulate 


Words If Pis in the interior of Z RST, then 
the measure of 2 RST is equal to the sum of 
the measures of 7 RSP and Z PST. 


Symbols If Pis in the interior of Z RST, then 
mZ RST = mZ RSP + mZ PST. 
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( EXAMPLE 3 } Find angle measures 


@) ALGEBRA Given that m2 LKN = 145°, find 
mZLKM and mZ MKN. 


Solution 
STEP 7 Write and solve an equation to find the value of x. 
mZLKN = m2ZLKM + mZMKN Angle Addition Postulate 


145° = (2x + 10)° + (4x —3)° _—_ Substitute angle measures. 


145 =6x+7 Combine like terms. 
138 = 6x Subtract 7 from each side. 
23 =x Divide each side by 6. 


STEP 2 Evaluate the given expressions when x = 23. 
mZLKM = (2x + 10)° = (2° 23 + 10)° = 56° 
mZ MKN = (4x — 3)° = (4 + 23 — 3)° = 89° 

> So, MZ LKM = 56° and mZ MKN = 89°. 


vo GUIDED PRACTICE for Example 3 


Find the indicated angle measures. 


3. Given that 7KLMisastraight angle, 4. Given that 2 EFGis aright angle, 
find mZ KLN and mZ NLM. find mZ EFH and mZ HFG. 


(2x + 2)° 


(10x — 5)°/ (4x + 3)° 


CONGRUENT ANGLES Two angles are congruent angles if they have the same 
measure. In the diagram below, you can say that “the measure of angle A is 
equal to the measure of angle B,” or you can say “angle A is congruent to 
angle B.” 


: congruent. If more than mZA=mZB ZA= ZB 
> one pair of angles are a > 


: congruent, double arcs , 
: : ae 
? are used, as in “is equal to” is congruent to 


: Example 4 on page 27. B 


: READ DIAGRAMS 
: Matching arcs are used Angle measures are equal. Angles are congruent. 
: to show that angles are A 
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{EXAMPLE 4 } Identify congruent angles 


TRAPEZE The photograph shows some of the angles formed by the 
ropes in a trapeze apparatus. Identify the congruent angles. 
If mZ DEG = 157°, what is mZ GKL? 


Solution 
There are two pairs of congruent angles: 
ZDEF= ZJKLand ZDEG= ZGKL. 
Because Z DEG = ZGKL, mZ DEG = mZ GKL. So, mZ GKL = 157°. 


for Example 4 


Use the diagram shown at the right. 


5. Identify all pairs of congruent angles in P R 
the diagram. 


6. In the diagram, mZ PQR = 130°, mZ QRS = 84°, 


and m2 TSR = 121°. Find the other angle measures T S 
in the diagram. 


FOLD AN ANGLE BISECTOR 


Use a straightedge to draw and Fold the paper so that BC is on Draw a point D on the fold inside 
label an acute angle, 7 ABC. top of BA. ZABC. Then measure ZABD, 2 DBC, 
and ZABC. What do you observe? 


1.4 Measure and Classify Angles 27 


An angle bisector is a ray that divides an angle into two angles that are 
— 
congruent. In the activity on page 27, BD bisects Z ABC. So, ZABD = Z DBC 


and mZABD = mZ DBC. 


( EXAMPLE 5 } Double an angle measure 
In the diagram at the right, YW bisects 
ZXYZ, and mZXYW = 18°. Find mz XYZ. 
Y 
Ww 
Z 


Solution 
By the Angle Addition Postulate, mz XYZ = mZ XYW + mZWYZ. Because 
YW bisects 7 XYZ, you know that ZXYW = ZWYZ. 
So, MZXYW = mZWYZ, and you can write 
mZXYZ=mZXYW+ mZWYZ = 18° + 18° = 36° 


vo GUIDED PRACTICE for Example 5 
7. Angle MNP is a straight angle, and NO bisects Z MNP. Draw Z MNP 
—> 
and NQ. Use arcs to mark the congruent angles in your diagram, and 
give the angle measures of these congruent angles. 
HOMEWORK: (-) = WORKED-OUT SOLUTIONS 
on p. WS1 for Exs. 15, 23, and 53 


KEY: 
* = STANDARDIZED TEST PRACTICE 
Exs. 2, 21, 27, 43, and 62 


1.4 EXERCISES 


Wy 
i EA “Ny 
‘O LG 
0 My, 


KILL PRACTICE 
1. VOCABULARY Sketch an example of each of 


the following types of angles: acute, obtuse, 


Oe 
ost of 


S 


ofjyuilinv 


C 
right, and straight. 
2. *& WRITING Explain how to find the measure / 
of Z PQR, shown at the right. 5 


NAMING ANGLES AND ANGLE PARTS In Exercises 3-5, write three names for 
5. 


: EXAMPLE 1 
the angle shown. Then name the vertex and sides of the angle 
3. 4. 
T 
ig 
Qa P 
B Cc 


; for Exs. 3-6 


Essentials of Geometry 
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POR eee eee e wenn eeenee 


ie tate 
: for Exs. 22-27 


6. NAMING ANGLES Name three different angles in the 
diagram at the right. Ss 
4 


Q R 


CLASSIFYING ANGLES Classify the angle with the given measure as acute, 
obtuse, right, or straight. 


7. mZW = 180° 8. mZX = 30° 9. mZY = 90° 10. mZZ = 95° 
MEASURING ANGLES Trace the diagram and extend the rays. H 
Use a protractor to find the measure of the given angle. G 
Then classify the angle as acute, obtuse, right, or straight. : 
11. ZJFL 12. 2GFH J 
L 
13. 2 GFK 14. ZGFL K 
NAMING AND CLASSIFYING Give another name for the angle in the diagram 
below. Tell whether the angle appears to be acute, obtuse, right, or straight. 
(is) ZACB 16. ZABC B 
17. ZBFD 18. ZAEC E 
19. ZBDC 20. Z BEC 
A D C 
21. %& MULTIPLE CHOICE Which is a correct 
name for the obtuse angle in the diagram? ’ B 
@® ZACB ZACD 
© ZBCD @® ZC es D 
ANGLE ADDITION POSTULATE Find the indicated angle measure. 
22. MZQST= _2_ @3) mZADC = _2?_ 24. mZNPM = _?_ 
A D L P M 
79° 
N 
@) ALGEBRA Use the given information to find the indicated angle measure. 
25. Given mZ WXZ = 80°, find mz YXZ. 26. Given mZ FJH = 168°, find mz FJG. 


(6x — 15)° 


J H 


27. *& MULTIPLE CHOICE In the diagram, the measure 
of Z XYZ is 140°. What is the value of x? 


@ 27 ® 33 
© 67 @® 73 


1.4 Measure and Classify Angles 


29 


: EXAMPLE 4 


—— annie sets 
: for Ex. 28 


: EXAMPLE 5 


opsepl: yabeuonaees 
: for Exs. 29-32 


30 


28. CONGRUENT ANGLES In the photograph below, m2 AED = 34° and 
mZ EAD = 112°. Identify the congruent angles in the diagram. Then find 
mZ BDC and mz ADB. 


ANGLE BISECTORS Given that WZ bisects 7XW Y, find the two angle 
measures not given in the diagram. 


29. 30. 
x Z 
52° 
WwW Y 


32. ERROR ANALYSIS KM bisects ZJKL and mZJKM = 30°. Describe and 
correct the error made in stating that m2ZJKL = 15°. Draw a sketch to 
support your answer. 


31. x w 
719 


FINDING ANGLE MEASURES Find the indicated angle measure. 


33. a° 34, b° 
35. c° 36. d° 
37. e° 38. f° 


39. ERROR ANALYSIS A student states that AD can bisect 7 AGC. Describe and 
correct the student’s error. Draw a sketch to support your answer. 


@ ALGEBRA In each diagram, BD bisects ZABC. Find mZ ABC. 


43. *& SHORT RESPONSE You are measuring 4 PQR with a protractor. When 
you line up OR with the 20° mark, QP lines up with the 80° mark. Then 
you move the protractor so that OR lines up with the 15° mark. What 
mark does QP line up with? Explain. 


@) ALGEBRA Plot the points in a coordinate plane and draw 7 ABC. 
Classify the angle. Then give the coordinates of a point that lies in the 
interior of the angle. 


44, A(3, 3), B(0, 0), C(3, 0) 45. A(—5, 4), BQ, 4), C(—2, —2) 
46. A(—5, 2), B(—2, —2), C(4, —3) 47. A(—3, —1), B(2, 1), C(6, —2) 
= WORKED-OUT SOLUTIONS %* = STANDARDIZED 


on p. WS1 TEST PRACTICE 


48. @) ALGEBRA Let (2x — 12)° represent the measure of an acute angle. 
What are the possible values of x? 


[] 49. CHALLENGE SO bisects Z RST, SP bisects Z RSQ, and SV bisects Z RSP. 
The measure of 7 VSP is 17°. Find mZ TSQ. Explain. 

50. FINDING MEASURES In the diagram, B 
mZAEB = + + mZCED, and ZAED 
is a straight angle. Find mZAEB and mZ CED. 


PROBLEM SOLVING 


[-] 51. SCULPTURE In the sculpture shown in the photograph, 
suppose the measure of 7 LMN is 79° and the measure 
of Z PMN is 47°. What is the measure of 2 LMP? 
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52. MAP The map shows the intersection of three roads. Malcom Way intersects 
Sydney Street at an angle of 162°. Park Road intersects Sydney Street at an angle 
of 87°. Find the angle at which Malcom Way intersects Park Road. 


: EXAMPLES CONSTRUCTION In Exercises 53-55, use the photograph of a roof truss. 


pagel apt ia In the roof truss, BG bisects ZABC and Z DEF, 
Be eae mZABC = 112°, and ZABC = 4 DEF. Find the 
: ; measure of the following angles. 
a. mZ DEF b. mZABG 


c. mMZCBG d. mZ DEG 


54. In the roof truss, GB bisects Z DGF. 
Find m2 DGE and mZ FGE. 


55. Name an example of each of the 
following types of angles: acute, 
obtuse, right, and straight. 


1a Ge 15 


te 
aera 
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[|] GEOGRAPHY For the given location on the map, estimate the measure of 
Z PSL, where P is on the Prime Meridian (0° longitude), S is the South Pole, 
and L is the location of the indicated research station. 


56. Macquarie Island 57. Dumont d’Urville 58. McMurdo 


59. Mawson 60. Syowa 61. Vostok 


62. * EXTENDED RESPONSE In the flag shown, 7 AFF is a straight angle and 
FC bisects ZAFE and Z BFD. 
a. Which angles are acute? obtuse? right? 
b. Identify the congruent angles. 


c. If mZ AFB = 26°, find mZ DFE, 
mZ BFC, mZ CFD, mZ AFC, mZ AFD, 
and mZ BFD. Explain. 


[| 63. CHALLENGE Create a set of data that could be represented 
by the circle graph at the right. Explain your reasoning. 


MIXED REVIEW 


: PREVIEW 64. You and a friend go out to dinner and each pay for your own meal. 
: Prepare for The total cost of the two meals is $25. Your meal cost $4 more than 
: Lesson 1.5 your friend’s meal. How much does each meal cost? (p. 894) 

: in Ex. 64. 


Graph the inequality on a number line. Tell whether the graph is a segment, 
aray or rays, a point, or a line. (p. 2) 


65. x< -8 66. x26 67. —3<x<5 
68. x>—7andx<-l 69. x>—-2orx<4 70. |x| >0 


Find the coordinate of the midpoint of the segment. (p. 15) 


71. aa aan a 72. a 73. ee ee a 
-6 -4 -2 0 —30 0 30 60 —24 —-16 -—8 0 
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Ai) CO NSTRU CTION Use after Lesson 1.4 


1.4 Copy and Bisect Segments and Angles 


MATERIALS - compass = straightedge 


How can you copy and bisect segments and angles? 


Aconstruction is a geometric drawing that uses a limited set of tools, usually 
a compass and straightedge. You can use a compass and straightedge (a ruler 
without marks) to construct a segment that is congruent to a given segment, 
and an angle that is congruent to a given angle. 


Use the following steps to construct a segment that is congruent to AB. 


STEP7 STEP 2 STEP 3 
: | | 
eo —— 
Oraw a segment Usea Measure length Set your Copy length Place the compass 
straightedge to drawa segment compass at the length of AB. at C. Mark point D on the new 
longer than AB. Label point C segment. CD = AB. 


on the new segment. 


[ ExPLore 2} Bisect a segment 


Use the following steps to construct a bisector of AB and to find the midpoint 


M of AB 
STEP T STEP2 STEP 3 
ma eu A ! B 
A B A B 
Orawanare Placethe compass Orawa second are Keep the Bisect segment Draw a segment 
at A. Use a compass setting same compass setting. Place through the two points of 
that is greater than half the the compass at B. Draw an intersection. This segment 
length of AB. Draw an arc. arc. It should intersect the bisects AB at M, the midpoint 


other arc at two points. of AB. 
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Use the following steps to construct an angle that is congruent to 2A. In this 
construction, the radius of an arc is the distance from the point where the 
compass point rests (the center of the arc) to a point on the arc drawn 

by the compass. 


STEP 7 STEP 2 STEP 3 STEP 4 
A A A A 
B B B 
F ‘al 
ee a 
D | D E | D E | D E | 


Oraw a segment Oraw ares Oraw ares Oraw a ray 
Draw a segment. Draw an arc with Label B, C,and E. Draw Draw DE. 
Label a point D on center A. Using the anarc withradiusBC ZEDF= ZBAC. 
the segment. same radius, draw an and center E. Label 

arc with center D. the intersection F. 


>a 20: tem Bisect an angle 


Use the following steps to construct an angle bisector of ZA. 


STEP 7 STEP 2 STEP 3 
G C C G 
A B A B A B 


Orawaunare Placethe compass Orawares Place thecompassat Orawaray Label the 

at A. Draw an arc thatintersects C.Drawanarc.Thenplacethe intersection G. Use a straightedge 
both sides of the angle. Label the compass point at B. Using the to draw a ray through A and G. 
intersections C and B. same radius, draw another arc. AGC bisects ZA. 


ww ae Ca ese e® Use your observations to complete these exercises 


1. Describe how you could use a compass and a straightedge to drawa 
segment that is twice as long as a given segment. 


2. Draw an obtuse angle. Copy the angle using a compass and a 
straightedge. Then bisect the angle using a compass and straightedge. 
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1. 


[ Now You will use special angle relationships to find angle measures. 


Key Vocabulary 
¢ complementary 
angles 


* supplementary 
angles 


¢ adjacent angles 
¢ linear pair 
* vertical angles 


You used angle postulates to measure and classify angles. 


So you can find measures in a building, as in Ex. 53. 


Describe Angle Pair 
Relationships 


Two angles are complementary angles if the sum of their measures is 90°. 
Each angle is the complement of the other. Two angles are supplementary 
angles if the sum of their measures is 180°. Each angle is the supplement of 
the other. 


Complementary angles and supplementary angles can be adjacent angles 
or nonadjacent angles. Adjacent angles are two angles that share a common 
vertex and side, but have no common interior points. 


Complementary angles Supplementary angles 


7 
3 5 
1 6 
2 4 8 
Adjacent Nonadjacent Adjacent Nonadjacent 


( EXAMPLE 1 ) Identify complements and supplements 


: AVOID ERRORS 


: In Example 1, Z DAC and 
: Z DAB share a common 
: vertex. But they share 

: common interior points, 
: so they are not adjacent 
> angles. 


In the figure, name a pair of complementary 
angles, a pair of supplementary angles, and 
a pair of adjacent angles. 


Solution 


Because 32° + 58° = 90°, Z BAC and Z RST are complementary angles. 
Because 122° + 58° = 180°, Z CAD and Z RST are supplementary angles. 


Because 7 BAC and 7 CAD share a common vertex and side, they are adjacent. 


vo GUIDED PRACTICE for Example 1 


1. In the figure, name a pair of complementary 
angles, a pair of supplementary angles, anda 
pair of adjacent angles. 


2. Are 7 KGH and 2 LKG adjacent angles? Are 
ZFGK and 4 FGH adjacent angles? Explain. 
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Gan Find measures of a complement and a supplement 


: READ DIAGRAMS a. Given that 71 is acomplement of 72 and mZ1 = 68°, find mZ2. 
: RUeses ats SPS HINe? b. Given that 73 is a supplement of 74 and m24 = 56°, find mZ3. 
: named with numbers. 
: An angle measure ina . 
? diagram has a degree Solution 
: symbol. An angle name a. You can draw a diagram with complementary 
? does not. adjacent angles to illustrate the relationship. 1 8° 

mZ2 = 90° — mZ1 = 90° — 68° = 22° 

b. You can draw a diagram with supplementary 
adjacent angles to illustrate the relationship. 
mZ3 = 180° — mZ4 = 180° — 56° = 124° 56° y\ 3 
(EXAMPLE 3 } Find angle measures 

; READ DIAGRAMS SPORTS When viewed from the side, |" 
: In a diagram, you can the frame of a ball-return net forms 


: assume that a line that a pair of supplementary angles 


: looks straight is straight. with the ground. Find m2 BCE and 
: In Example 3, B, C, and mz ECD. 


: Dlie on BD. So, ZBCD is 
? a straight angle. 


Solution 


STEP7 Use the fact that the sum of the measures 
of supplementary angles is 180°. 


mZ BCE + mZ ECD = 180° Write equation. 
(4x + 8)° + (x + 2)° = 180° Substitute. 
5x + 10 = 180 Combine like terms. 
5x = 170 Subtract 10 from each side. 
x = 34 Divide each side by 5. 
ST€P 2 Evaluate the original expressions when x = 34. 
mZ BCE = (4x + 8)° = (4° 34 + 8)° = 144° 
mZ ECD = (x + 2)° = (34 + 2)° = 36° 


> The angle measures are 144° and 36°. 


for Examples 2 and 3 


3. Given that 71 is acomplement of 72 and m22 = 8°, find mZ1. 
4. Given that 73 is a supplement of 74 and mZ3 = 117°, find mZ4. 


5. ZLMN and 24 PQR are complementary angles. Find the measures of the 
angles if m2ZLMN = (4x — 2)° and mZ PQR = (9x + 1)°. 
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ANGLE PAIRS Two adjacent angles are a linear pair if their noncommon sides 
are opposite rays. The angles in a linear pair are supplementary angles. 


Two angles are vertical angles if their sides form two pairs of opposite rays. 


Z1and 72 area linear pair. Z3 and /6are vertical angles. 


( EXAMPLE 4 } Identify angle pairs 


; AVOID ERRORS Identify all of the linear pairs and all of the 


: In the diagram, one side __ vertical angles in the figure at the right. 
: of Z1 and one side of 


Z4and 25 are vertical angles. 


: 23 are opposite rays. Solution IN273 

: But the angles are not a : : 4Ns 
: linear pair because they To find vertical angles, look for angles 

? are not adjacent. formed by intersecting lines. 


> Zl and 45 are vertical angles. 


To find linear pairs, look for adjacent angles whose noncommon 
sides are opposite rays. 


> Zland 24 area linear pair. 74 and 45 are also a linear pair. 


( EXAMPLE 5 ] Find angle measures in a linear pair 


@) ALGEBRA Two angles form a linear pair. The measure of one angle is 
5 times the measure of the other. Find the measure of each angle. 


Solution 
: DRAW DIAGRAMS Let x° be the measure of one angle. The measure of the 
: You may find it useful other angle is 5x°. Then use the fact that the angles of a 5x. 
: to draw a diagram linear pair are supplementary to write an equation. 
: to represent a word - See ae : ' 
: problem like the one in x° + 5x° = 180 Write an equation. 
: Example 5. 6x = 180 Combine like terms. 
x = 30 Divide each side by 6. 
> The measures of the angles are 30° and 5(30°) = 150°. 
vo GUIDED PRACTICE for Examples 4 and 5 
6. Do any of the numbered angles in the 
diagram at the right form a linear pair? 
Which angles are vertical angles? Explain. 6 Is 
5\4 


7. The measure of an angle is twice the measure of 
its complement. Find the measure of each angle. 
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CONCEPT SUMMARY For Your Notebook 


Interpreting a Diagram 


There are some things you can conclude from a diagram, 
and some you cannot. For example, here are some things D = 
that you can conclude from the diagram at the right: 


* All points shown are coplanar. A B C 
* Points A, B, and Care collinear, and B is between A and C. 
5 a Ard > . 
* AC, BD, and BE intersect at point B. 
¢ ZDBE and ZEBC are adjacent angles, and ABC is a straight angle. 
* Point E lies in the interior of 7 DBC. 


In the diagram above, you cannot conclude that AB = BC, D (a 
that 2 DBE = ZEBC, or that ZABD is a right angle. This 
information must be indicated, as shown at the right. 


15 EXERCISES = “Zi O-uonsrausqures 
i 5 KEY: on p. WS1 for Exs. 9, 21, and 47 
%& = STANDARDIZED TEST PRACTICE 
Exs. 2, 16, 30, and 53 


: @ = MULTIPLE REPRESENTATIONS 
Ex. 55 


SKILL PRACTICE 


[| 1. VOCABULARY Sketch an example of adjacent angles that are 
complementary. Are all complementary angles adjacent angles? Explain. 


2. * WRITING Are all linear pairs supplementary angles? Are all 
supplementary angles linear pairs? Explain. 


; EXAMPLE1 _— IDENTIFYING ANGLES Tell whether the indicated angles are adjacent. 
3. ZABD and Z DBC 4. ZWxXYand ZXYZ 5. ZLQM and ZNQM 


: on p. 35 
mw \ 4 
A B xX Y 


: for Exs. 3-7 
IDENTIFYING ANGLES Name a pair of complementary angles and a pair of 
supplementary angles. 


6. V re 
' i 
Q 150° 30° 
T \60° s U Ww 
R G i K 
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Ser sepaseesuee 
: for Exs. 8-16 


: EXAMPLE 3 


panes saaaaamaead 
: for Exs. 17-19 


: EXAMPLE 4 


ee Sabateashes 
: for Exs. 20-27 


: EXAMPLE 5 


ene seaesceseus 
: for Exs. 28-30 


COMPLEMENTARY ANGLES 71 and 72 are complementary angles. Given the 
measure of 41, find mz 2. 


8 mZ1 = 43° (9.)mz21 = 21° 10. mZ1 = 89° ll. mZ1=5° 
SUPPLEMENTARY ANGLES 71 and 22 are supplementary angles. Given the 
measure of 41, find mz 2. 

12. mZ1 = 60° 13. mZ1 = 155° 14. mZ1 = 130° 15. mZ1 = 27° 


16. * MULTIPLE CHOICE The arm of a crossing gate moves 37° from vertical. 
How many more degrees does the arm have to move so that it is horizontal? 


@ 37° 


GD ALGEBRA Find mZ DEG and m2 GEF. 


IDENTIFYING ANGLE PAIRS Use the diagram below. Tell whether the angles 
are vertical angles, a linear pair, or neither. 


20. Zl and 24 @1) 41 and 22 
22. Z3and 25 23. Z2 and 23 
24. 27,28,and 29 25. Z5and 26 
26. Z6 and 27 27. Z5and 29 


28. GJ ALGEBRA Two angles form a linear pair. The measure of one angle is 
4 times the measure of the other angle. Find the measure of each angle. 


29. ERROR ANALYSIS Describe and 2 P 
correct the error made in finding OX ae 
the value of x. 4x = 180 
xe x= 45 


30. * MULTIPLE CHOICE The measure of one angle is 24° greater than the 
measure of its complement. What are the measures of the angles? 


CA) 24° and 66° 24° and 156° (©) 33°and57° @) 78° and 102° 


[| @ ALGEBRA Find the values of x and y. 


31. 32. 33. 


(by + 3 KO + 280 


3x” 


2y°\(4x — 100)° 
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40 


REASONING Tell whether the statement is always, sometimes, or never true. 
Explain your reasoning. 


34. An obtuse angle has a complement. 

35. A straight angle has a complement. 

36. An angle has a supplement. 

37. The complement of an acute angle is an acute angle. 


38. The supplement of an acute angle is an obtuse angle. 


FINDING ANGLES 2ZAand 4B are complementary. Find m2 A and mz B. 

39. MZA = (3x + 2)° 40. mZA = (15x + 3)° 41. mZA= (11x + 24)° 
mZ B= (x — 4)° mZ B= (5x — 13)° mZ B= (x + 18)° 

FINDING ANGLES ZA and ZB are supplementary. Find m2A and m2 B. 

42. mZA = (8x + 100)° 43. mMZA = (2x — 20)° 44, mZA = (6x + 72)° 
mZ B= (2x + 50)° mZ B= (3x + 5)° mZB = (2x + 28)° 


| 45. CHALLENGE You are given that Z GH/ is a complement of 7 RST and Z RST 
is asupplement of Z ABC. Let mZ GH]J be x°. What is the measure 
of ZABC? Explain your reasoning. 


PROBLEM SOLVING 


[| IDENTIFYING ANGLES Tell whether the two angles shown are 
complementary, supplementary, or neither. 
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ARCHITECTURE The photograph shows the Rock and Roll Hall of Fame 
in Cleveland, Ohio. Use the photograph to identify an 
example type of the indicated type of angle pair. ] % 


49. Supplementary angles 50. Vertical angles 


51. Linear pair 52. Adjacent angles 


@Homelutor for problem solving help at classzone.com 


53. * SHORT RESPONSE Use the photograph 
shown at the right. Given that 7 FGB and 
Z BGC are supplementary angles, and 
mZ FGB = 120°, explain how to find the 
measure of the complement of 7 BGC. 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED = MULTIPLE 
on p. WS1 TEST PRACTICE REPRESENTATIONS 


[_] 54. SHADOWS The length of a shadow changes as the sun rises. In the 
diagram below, the length of CB is the length of a shadow. The end of the 
shadow is the vertex of 7 ABC, which is formed by the ground and the 
sun’s rays. Describe how the shadow and angle change as the sun rises. 


55. ee MULTIPLE REPRESENTATIONS Let x° be an angle measure. Let y,° be 
the measure of a complement of the angle and let y,° be the measure of 
a supplement of the angle. 


a. Writing an Equation Write equations for y, as a function of x, and for 
y, as a function of x. What is the domain of each function? Explain. 


b. Drawing a Graph Graph each function and describe its range. 


C 56. CHALLENGE The sum of the measures of two complementary angles 
exceeds the difference of their measures by 86°. Find the measure of each 
angle. Explain how you found the angle measures. 


MIXED REVIEW 
Make a table of values and graph the function. (p. 884) 
57. y=5-X 58. y = 3x 59. y=x°-1 60. y = —2x7 
; PREVIEW In each figure, name the congruent sides and congruent angles. (pp. 9, 24) 


? Prepare for 
: Lesson 1.6 in Gh; H me E 
: Exs. 61-63. 
E J 
F G 
K 


QUIZ for Lessons 1.4-1.5 


63. A B 
D 


C 


In each diagram, BD bisects ZABC. Find mZABD and mZ DBC. (p. 24) 


1. 2. A B Cc 3. 
(6x + 10)° 


‘A 
(x + 20)° D 


(3x — 4)° 
B C 


Find the measure of (a) the complement and (b) the supplement of 7 1. (p. 35) 
4. mZ1 = 47° 5. mZ1 = 19° 6.mZ1 = 75° 7. mZ1 = 2° 
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1 6 Classify Polygons an gt 


aaa 
ERY: 
Ee a 


You classified angles. 
[ Now You will classify polygons. 


So you can find lengths in a floor plan, as in Ex. 32. 


Key Vocabulary {; KEY CONCEPT For Your Notebook 
* polygon : 

side, vertex > Identifying Polygons 
° convex . 


In geometry, a figure that lies in a plane is called a plane figure. A polygon 


= COREaYe > is aclosed plane figure with the following properties. 


° n-gon 
* equilateral 
° equiangular 


1. It is formed by three or more line segments called sides. 


2. Each side intersects exactly two sides, one at each endpoint, 
* regular > so that no two sides with a common endpoint are collinear. 


> Each endpoint of a side is a vertex of the polygon. C 

* The plural of vertex is vertices. A polygon can be D 
named by listing the vertices in consecutive order. B 

For example, ABCDE and CDEAB are both correct 

names for the polygon at the right. A E 


A polygon is convex if no line 
that contains a side of the 
polygon contains a point in 
the interior of the polygon. 

A polygon that is not convex 

is called nonconvex or concave. 


interior 


convex polygon concave polygon 


( EXAMPLE 1 } Identify polygons 


: READ VOCABULARY __ Tell whether the figure is a polygon and whether it is convex or concave. 


nnovocauany ao 


A plane figure is two- b 
. Some segments intersect more than two segments, so it is not a polygon. 


? dimensional. Later, a 
: you will study three- 
: dimensional space 


: figures such as prisms 


: and cylinders. Solution 


r-) 


. The figure is a convex polygon. 
. Part of the figure is not a segment, so it is not a polygon. 


aa & 


. The figure is a concave polygon. 
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CLASSIFYING POLYGONS A polygon is named by the number of its sides. 


Number of sides | Type of polygon Number of sides | Type of polygon 
3 ‘Triangle | 8 | Octagon | 
4 | Quadrilateral | 9 | Nonagon 
5 Pentagon 10 | Decagon 
6 | Hexagon | 12 | Dodecagon 
7 Heptagon | | n | n-gon 


The term n-gon, where 7 is the number of a polygon’s sides, 
can also be used to name a polygon. For example, a polygon 
with 14 sides is a 14-gon. 


In an equilateral polygon, all sides are congruent. 

In an equiangular polygon, all angles in the interior 

of the polygon are congruent. A regular polygon is a 

convex polygon that is both equilateral and equiangular. __ regular pentagon 


Gi Classify polygons 


: READ DIAGRAMS Classify the polygon by the number of sides. Tell whether the polygon is 


: Double marks are used equilateral, equiangular, or regular. Explain your reasoning. 
: in part (b) of Example 2 


: to show that more than a b. c. 
: one pair of sides are 

: congruent and more 

: than one pair of angles 


} are congruent. 


Solution 


a. The polygon has 6 sides. It is equilateral and equiangular, so itis a 
regular hexagon. 


b. The polygon has 4 sides, so it is a quadrilateral. It is not equilateral or 
equiangular, so it is not regular. 


c. The polygon has 12 sides, so it is a dodecagon. The sides are congruent, so 
it is equilateral. The polygon is not convex, so it is not regular. 
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vo GUIDED PRACTICE for Examples 1 and 2 


1. Sketch an example of a convex heptagon and an 
example of a concave heptagon. 2m 


2. Classify the polygon shown at the right by the 
number of sides. Explain how you know that 
the sides of the polygon are congruent and that 
the angles of the polygon are congruent. 2m 


1.6 Classify Polygons 


( EXAMPLE 3 } Find side lengths 


: READ VOCABULARY | @ALGEBRA A table is shaped like a regular hexagon. 


: Hexagonal means The expressions shown represent side lengths of the 
: “shaped like a hexagon.’ hexagonal table. Find the length of a side. 


(3x + 6) in. 


Solution (4x — 2) in. 


First, write and solve an equation to find 
the value of x. Use the fact that the sides 
of a regular hexagon are congruent. 


3x+6=4x-2 Write equation. 


6=x-2 Subtract 3x from each side. 
8=x Add 2 to each side. 
Then find a side length. Evaluate one of the expressions when x = 8. 
3x + 6 = 3(8) + 6 = 30 
> The length of a side of the table is 30 inches. 


vo GUIDED PRACTICE for Example 3 


3. The expressions 8y° and (9y — 15)° represent the measures of two of the 
angles in the table in Example 3. Find the measure of an angle. 


EXERCISES HOMEWORK: (-) = WORKED-OUT SOLUTIONS 
1 6 KEY: on p. WS1 for Exs. 13, 19, and 33 
; & = STANDARDIZED TEST PRACTICE 
Exs. 2, 7, 37,39, and 40 


SKILL PRACTICE 
[] 1. VOCABULARY Explain what is meant by the term n-gon. 
2. * WRITING Imagine that you can tie a string tightly around a polygon. 
If the polygon is convex, will the length of the string be equal to the 


distance around the polygon? What if the polygon is concave? Explain. 


: EXAMPLE 1 IDENTIFYING POLYGONS Tell whether the figure is a polygon. If it is not, 


+ Ree eee eeeenneeenneeee 


: on p. 42 explain why. If it is a polygon, tell whether it is convex or concave. 


: for Exs. 3-7 3. 4, 5. 6. 


7. *& MULTIPLE CHOICE Which of the figures is a concave polygon? 
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ee eeeebenaand 
: for Exs. 8-14 


cir Sehaneesens 
: for Exs. 15-17 


CLASSIFYING Classify the polygon by the number of sides. Tell whether the 
polygon is equilateral, equiangular, or regular. Explain your reasoning. 


8. 9. 10. 


Ds EF 


14. ERROR ANALYSIS Two students were asked to draw a regular hexagon, as 
shown below. Describe the error made by each student. 


Student A <a a Student B 7: Be 


15. @ ALGEBRA The lengths (in inches) of two sides of a regular pentagon 
are represented by the expressions 5x — 27 and 2x — 6. Find the length 
of a side of the pentagon. 


16. @ ALGEBRA The expressions (9x + 5)° and (11x — 25)° represent the 
measures of two angles of a regular nonagon. Find the measure of an 
angle of the nonagon. 


17. @ ALGEBRA The expressions 3x — 9 and 23 — 5x represent the lengths 
(in feet) of two sides of an equilateral triangle. Find the length of a side. 


USING PROPERTIES Tell whether the statement is always, sometimes, or 
never true. 


18. A triangle is convex. A decagon is regular. 
20. A regular polygon is equiangular. 21. A circle is a polygon. 
22. A polygon is a plane figure. 23. A concave polygon is regular. 


DRAWING Drawa figure that fits the description. 

24. A triangle that is not regular 

25. A concave quadrilateral 

26. A pentagon that is equilateral but not equiangular 

27. An octagon that is equiangular but not equilateral 

@) ALGEBRA Each figure is a regular polygon. Expressions are given for 
two side lengths. Find the value of x. 


28. 29. 


xe4x 


; 30. 
x" + 3x x2 + 2x + 40 


2 2 
x*+x+2 HX x + 190 


1.6 Classify Polygons 


45 


[_] 31. CHALLENGE Regular pentagonal tiles and 
triangular tiles are arranged in the pattern 
shown. The pentagonal tiles are all the 
same size and shape and the triangular 
tiles are all the same size and shape. Find 
the angle measures of the triangular tiles. 
Explain your reasoning. 


PROBLEM SOLVING 


[|] 32. ARCHITECTURE Longwood House, shown in the 
photograph on page 42, is located in Natchez, 
Mississippi. The diagram at the right shows 
the floor plan of a part of the house. 


a. Tell whether the red polygon in the diagram 
is convex or concave. 


b. Classify the red polygon and tell whether it 
appears to be regular. 


‘@HomeTutor — for problem solving help at classzone.com 
\connastinnnaateaceentetiianians 


; EXAMPLE 2 SIGNS Each sign suggests a polygon. Classify the polygon by the number of 


? on p. 43 sides. Tell whether it appears to be equilateral, equiangular, or regular. 


RESERVED 
PARKING 


STATE DILABLED Panes 
PURRIT prowanrs 
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37. *& MULTIPLE CHOICE Two vertices of a regular quadrilateral are A(0, 4) 
and B(0, —4). Which of the following could be the other two vertices? 


@) C(4, 4) and D(4, —4) C(—4, 4) and D(—4, —4) 
© C(8, —4) and D(8, 4) @) C(0, 8) and D(0, —8) 


38. MULTI-STEP PROBLEM The diagram shows the 


design of a lattice made in China in 1850. eX x 


a. Sketch five different polygons you see in S25 


the diagram. Classify each polygon by the \ 
number of sides. 


b. Tell whether each polygon you sketched 
is concave or convex, and whether the 
polygon appears to be equilateral, 
equiangular, or regular. 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED 
46 on p. WS1 TEST PRACTICE 


: on p. 44 
for Ex. 39 


O 


39. * SHORT RESPONSE The shape of the button 
shown is a regular polygon. The button has a border (3x + 12) mm —> 
made of silver wire. How many millimeters of silver 
wire are needed for this border? Explain. (20 — 5x) mm —7 


40. * EXTENDED RESPONSE A segment that joins two nonconsecutive 
vertices of a polygon is called a diagonal. For example, a quadrilateral 
has two diagonals, as shown below. 


Type of polygon Diagram rae S - prea 
Quadrilateral 4 2 
Pentagon | ? ? ? 
Hexagon | ? | ? ? 
Heptagon ? | ? ? 


a. Copy and complete the table. Describe any patterns you see. 
b. How many diagonals does an octagon have? a nonagon? Explain. 


(n — 3) 
2 


c. The expression ie can be used to find the number of diagonals 


in an n-gon. Find the number of diagonals in a 60-gon. 
41. LINESYMMETRY A figure has line symmetry if it can be folded 
over exactly onto itself. The fold line is called the line of symmetry. 


A regular quadrilateral has four lines of symmetry, as shown. 
Find the number of lines of symmetry in each polygon. 


a. Aregular triangle b. Aregular pentagon 


regular quadrilateral 
c. Aregularhexagon  d. Aregular octagon 4 lines of symmetry 


42. CHALLENGE The diagram shows four identical squares lying 
edge-to-edge. Sketch all the different ways you can arrange 
four squares edge-to-edge. Sketch all the different ways you 
can arrange five identical squares edge-to-edge. 


MIXED REVIEW 
PREVIEW Solve the equation. 
: Prepare for 1 5 ; 
Bescon 1.7 43. 5(35)b = 140 (p. 875) 44, x2 = 144 (p.882) 45. 3.14r2 = 314 (p. 882) 
in Exs. 43-51. 


Copy and complete the statement. (p. 886) 
46. 500m=_? cm 47, 2imi=_2 tt 48. 672in.=_2_ yd 


49. 1200km =_?_m 50. 45 ft=_2 yd 51. 3800 m =_?_ km 


Find the distance between the two points. (p. 15) 


52. D(—13, 13), E(0, —12) 53. F(—9, —8), G(—9, 7) 54. H(10, 5), J(—2, —2) 
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TMT: ACTIVITY Use before Lesson 7.7 Tu to r 


1.7 Investigate Perimeter and Area 


MATERIALS - graph paper « graphing calculator 


How can you use a graphing calculator to find the smallest 
possible perimeter for a rectangle with a given area? 


You can use the formulas below to find the perimeter P and the area A of a 
rectangle with length £ and width w. 


P=2L+2w A=lw 


[EXPLORE ) Find perimeters of rectangles with fixed areas 


STEP 7| Draw rectangles Draw different rectangles, each 


with an area of 36 square units. Use lengths of 2. 
2,4, 6, 8, 10, 12, 14, 16, and 18 units. 


18 


Enter data Use the STATISTICS menu on a graphing 
calculator. Enter the rectangle lengths in List 1. Use the 
keystrokes below to calculate and enter the rectangle 
widths and perimeters in Lists 2 and 3. 


Keystrokes for entering widths in List 2: | : 
L3=2*L1+2*L2 
36 eS BS 1111 S 


Keystrokes for entering perimeters in List 3: 


2 Ee BS 1.1) BS 2 ES 1.2) Bo 


Make a scatter plot Make a scatter plot using the lengths 
from List 1 as the x-values and the perimeters from List 3 as 
the y-values. Choose an appropriate viewing window. Then 
use the trace feature to see the coordinates of each point. 


How does the graph show which of your rectangles from 
Step 1 has the smallest perimeter? 


ETN mee Ca ateyon ee Use your observations to complete these exercises 


1. Repeat the steps above for rectangles with areas of 64 square units. 


2. Based on the Explore and your results from Exercise 1, what do you 
notice about the shape of the rectangle with the smallest perimeter? 
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You classified polygons. 


Now 


Key Vocabulary 
¢ perimeter, p. 923 


¢ circumference, 
p. 923 


° area, p. 923 
¢ diameter, p. 923 
¢ radius, p. 923 


°“ and Area 


Why? So you can use measures in science, as in Ex. 46. 


Find Perimeter, Circumference, 


You will find dimensions of polygons. 


Recall that perimeter is the distance around a figure, circumference is the 
distance around a circle, and area is the amount of surface covered by a 
figure. Perimeter and circumference are measured in units of length, such 
as meters (m) and feet (ft). Area is measured in square units, such as square 
meters (m7) and square feet (ft). 


KEY CONCEPT For Your Notebook 


Formulas for Perimeter P, Area A, and Circumference C 


Square Rectangle 
side length s length £ and width w ‘= ; 
P=A4s P=20+2w 
A=s? A= lw 
Ww 


> Triangle Circle 

> sidelengthsa,b, 4 a diameter d LN 
» andc, base b, and radius r 

: and height h a C= 1d = 2nr Ly 
> P=atbt+e A= ar" 

2 A= lbh Pi (zz) is the ratio of a circle’s 

z 2 circumference to its diameter. 


BASKETBALL Find the perimeter and area of the 
rectangular basketball court shown. 


Perimeter Area 
P=2L+2w A= lw 
= 2(84) + 2(50) = 84(50) 
= 268 = 4200 


> The perimeter is 268 feet and the area 
is 4200 square feet. 
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( EXAMPLE 2 } Find the circumference and area of a circle 


: APPROXIMATE 7z 


Renee nena eee e eee eeeeeeeeeeeeees 


: The approximations 

: 3.14 and 2 are 

: commonly used as 

: approximations for the 
: irrational number =. 


: Unless told otherwise, 
: use 3.14 for a. 


TEAM PATCH You are ordering circular cloth patches for your soccer 
team’s uniforms. Find the approximate circumference and area of 
the patch shown. 


Solution 
First find the radius. The diameter is 9 centimeters, 
so the radius is 5(9) = 4.5 centimeters. Ae 
Then find the circumference and area. 
Use 3.14 to approximate the value of =. 
C= 2ar = 2(3.14) (4.5) = 28.26 | 


A = ar? ~ 3.14(4.5)” = 63.585 


> The circumference is about 28.3 cm. The area is about 63.6 cm”. 


GUIDED PRACTICE for Examples 1 and 2 


Find the area and perimeter (or circumference) of the figure. If necessary, 
round to the nearest tenth. 


1. 2 3. 
5.7m 
13m 


* Gi Standardized Test Practice 


: AVOID ERRORS 


: Write down your 

: calculations to make 
? sure you do not make 
: a mistake substituting 
: values in the Distance 
? Formula. 


Triangle QRS has vertices Q(1, 2), R(4, 6), and S(5, 2). What 
is the approximate perimeter of triangle QRS? 


@) 8 units 8.3 units ©) 13.1 units @®) 25.4 units 


Solution 


First draw triangle QRS in a coordinate plane. y 
Find the side lengths. Use the Distance Formula | 
to find QR and RS. 


QS = |5-1| = 4 units 
QR =\V(4 — 1)? + (6 — 2)? = V25 =5 units 


ali, 2 5, 2) | 
RS =\(5 — 4)? + (2 — 6)? =V17 = 4.1 units pe 


Then find the perimeter. 
P=QS+ QR+RS~4+4+5+4 4.1 = 13.1 units 
> The correct answer is C. @ © ® 
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( EXAMPLE 4 ) Solve a multi-step problem 


SKATING RINK An ice-resurfacing machine 

is used to smooth the surface of the ice ata 
skating rink. The machine can resurface about 
270 square yards of ice in one minute. 


About how many minutes does it take the 
machine to resurface a rectangular skating 
rink that is 200 feet long and 90 feet wide? 


: ANOTHER WAY Solution 


eee CeO OSES CICS errr) 


: For an alternative 

: method for solving the 
: problem in Example 4, 
: turn to page 57 for 


: the Problem Solving STEP 7 Find the area of the rectangular skating rink. 
? Workshop. 
Area = Lw = 200(90) = 18,000 ft” 


The machine can resurface the ice at a rate of 270 square yards per minute. 
So, the amount of time it takes to resurface the skating rink depends on 
its area. 


The resurfacing rate is in square yards per minute. Rewrite 
the area of the rink in square yards. There are 3 feet in 1 yard, 
and 3” = 9 square feet in 1 square yard. 


1 yd? 
CS al 


STEP 2 Write a verbal model to represent the situation. Then write and 
solve an equation based on the verbal model. 


18,000.ft? « 


= 2000 yd? _—_— Use unit analysis. 


Let ¢ represent the total time (in minutes) needed to resurface 
the skating rink. 


Area of rink Resurfacing rate Total time 


(yd?) = (yd? per min) * (min) 


2000 =270+f Substitute. 
74 ~t Divide each side by 270. 


> It takes the ice-resurfacing machine about 7 minutes to resurface 
the skating rink. 


vo GUIDED PRACTICE for Examples 3 and 4 


4. Describe how to find the height from F 
to EG in the triangle at the right. 


5. Find the perimeter and the area of the 
triangle shown at the right. 


6. WHAT IF? In Example 4, suppose the 
skating rink is twice as long and twice 
as wide. Will it take an ice-resurfacing 
machine twice as long to resurface the 
skating rink? Explain your reasoning. 
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(EXAMPLE 5 ) Find unknown length 


The base of a triangle is 28 meters. Its area is 
308 square meters. Find the height of the triangle. 


Solution 


A= sbh Write formula for the area of a triangle. 28 m 
308 = 5(28)h Substitute 308 for A and 28 for b. 


22=h Solve for h. 
> The height is 22 meters. 


vo GUIDED PRACTICE _ for Example 5 


7. The area of a triangle is 64 square meters, and its height is 16 meters. 
Find the length of its base. 


EXERCI SES HOMEWORK: (-) = WORKED-OUT SOLUTIONS 
1 wy | KEY: on p. WS1 for Exs. 7, 21, and 41 
%& = STANDARDIZED TEST PRACTICE 
Exs. 2, 19, 26, 38, and 45 


: <Q = MULTIPLE REPRESENTATIONS 
Ex. 44 


SKILL PRACTICE 
1. VOCABULARY How are the diameter and radius of a circle related? 
2. *& WRITING Describe a real-world situation in which you would need to 


find a perimeter, and a situation in which you would need to find an area. 
What measurement units would you use in each situation? 


: EXAMPLE1 | 3. ERROR ANALYSIS Describe and correct the b 
: on p. 49 error made in finding the area of a triangle A = 52(9) = 468 ft 4 
: for Exs. 3-10 with a height of 9 feet and a base of 52 feet. 


PERIMETER AND AREA Find the perimeter and area of the shaded figure. 
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en eacasnaaes 
: for Exs. 11-15 


ean Sentech aes 
: for Exs. 16-19 


: EXAMPLE 4 


areal adeaeseaews 
: for Exs. 20-26 


: EXAMPLE 5 


: for Exs. 27-30 


10. DRAWING A DIAGRAM The base of a triangle is 32 feet. Its height is 

165 feet. Sketch the triangle and find its area. 
CIRCUMFERENCE AND AREA Use the given diameter d or radius r to find the 
circumference and area of the circle. Round to the nearest tenth. 


11. d=27cm 12. d=5in. 13. r= 12.1 cm 14. r=3.9cm 


15. DRAWING A DIAGRAM The diameter of a circle is 18.9 centimeters. 
Sketch the circle and find its circumference and area. Round your 
answers to the nearest tenth. 


DISTANCE FORMULA Find the perimeter of the figure. Round to the nearest 
tenth of a unit. 


19. * MULTIPLE CHOICE What is the approximate 
area (in square units) of the rectangle shown at 
the right? 


@® 67 8.0 
© 9.0 @®) 10.0 


CONVERTING UNITS Copy and complete the statement. 
20. 187cm? =_?_ m? @1) 13. ft* =? yd" 22. 18 in? =,2_. f° 
23. 8km*=_?_ m? BA, Woy 8 26, DAT =, 2 in? 


26. *& MULTIPLE CHOICE A triangle has an area of 2.25 square feet. What is 
the area of the triangle in square inches? 


@® 27 in? 54 in.” © 144in? @®) 324 in? 


UNKNOWN MEASURES Use the information about the figure to find the 
indicated measure. 


27. Area = 261 m” 28. Area = 66 in.” 29. Perimeter = 25 in. 
Find the height h. Find the base b. Find the width w. 
1: 
8; in. 
A Ww 
36 m 
b 8 in. 
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30. UNKNOWN MEASURE The width of a rectangle is 17 inches. Its perimeter 
is 102 inches. Find the length of the rectangle. 


31. @ ALGEBRA The area of a rectangle is 18 square inches. The length of the 
rectangle is twice its width. Find the length and width of the rectangle. 


32. GI ALGEBRA The area of a triangle is 27 square feet. Its height is three 
times the length of its base. Find the height and base of the triangle. 


33. @ ALGEBRA Let x represent the side length of a square. Find a regular 
polygon with side length x whose perimeter is twice the perimeter of the 
square. Find a regular polygon with side length x whose perimeter is three 
times the length of the square. Explain your thinking. 


FINDING SIDE LENGTHS Find the side length of the square with the given 

area. Write your answer as a radical in simplest form. 

34. A = 184cm? 35. A = 346 in?” 36. A = 1008 mi? 37. A = 1050 km? 
38. * SHORT RESPONSE In the diagram, the diameter of the yellow 


circle is half the diameter of the red circle. What fraction of the 
area of the red circle is not covered by the yellow circle? Explain. e 


39. CHALLENGE The area of a rectangle is 30 cm? and its perimeter is 
26 cm. Find the length and width of the rectangle. 


PROBLEM SOLVING 


: EXAMPLES 40. WATERLILIES The giant Amazon water lily 


iland2 has a lily pad that is shaped like a circle. Find 
: on pp. 49-50 the circumference and area ofa lily pad with a 
: for Exs. 40-41 diameter of 60 inches. Round your answers to 


the nearest tenth. 


_@Homelutor for problem solving help at classzone.com 


LAND You are planting grass on a rectangular plot of land. 
You are also building a fence around the edge of the plot. The plot is 
45 yards long and 30 yards wide. How much area do you need to cover 
with grass seed? How many feet of fencing do you need? 


@HomeTutor © for problem solving help at classzone.com 


cnc 


: EXAMPLE 4 42, MULTI-STEP PROBLEM Chris is installing a solar panel. The maximum 
ionp.51. amount of power the solar panel can generate in a day depends in part 
? for Ex. 42 on its area. On a sunny day in the city where Chris lives, each square 
meter of the panel can generate up to 125 watts of power. The flat 


rectangular panel is 84 centimeters long and 54 centimeters wide. 
a. Find the area of the solar panel in square meters. 


b. What is the maximum amount of power (in watts) that the panel could 
generate if its area was 1 square meter? 2 square meters? Explain. 


c. Estimate the maximum amount of power Chris’s solar panel can 
generate. Explain your reasoning. 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED = MULTIPLE 
54 on p. WS1 TEST PRACTICE REPRESENTATIONS 


43. MULTI-STEP PROBLEM The eight spokes of a ship’s wheel 
are joined at the wheel’s center and pass through a large 
wooden circle, forming handles on the outside of the 
circle. From the wheel’s center to the tip of the handle, 
each spoke is 21 inches long. 


a. The circumference of the outer edge of the large 
wooden circle is 94 inches. Find the radius of the 
outer edge of the circle to the nearest inch. 


b. Find the length x of a handle on the wheel. Explain. 


4A, % MULTIPLE REPRESENTATIONS Let x represent the length of a side of 
a square. Let y, and y, represent the perimeter and area of that square. 


a. Making a Table Copy and complete the table. 


Lengthx § 1 | 2) 5 10 | 25 | 
Perimeter, y, ? [ ? ? ? ? 

7 ] T t t { 
Area, y, ? | ? ? ? ? 


b. Making a Graph Use the completed table to write two sets of ordered 
pairs: (x, y,) and (x, y,). Graph each set of ordered pairs. 


c. Analyzing Data Describe any patterns you see in the table from part (a) 
and in the graphs from part (b). 


45. *& EXTENDED RESPONSE The photograph at the right shows the Crown 
Fountain in Chicago, Illinois. At this fountain, images of faces appear 
on a large screen. The images are created by light-emitting 
diodes (LEDs) that are clustered in groups called modules. 
The LED modules are arranged in a rectangular grid. 


a. The rectangular grid is approximately 7 meters 
wide and 15.2 meters high. Find the area of the grid. 


b. Suppose an LED module is a square with a side 
length of 4 centimeters. How many rows and how 
many columns of LED modules would be needed 
to make the Crown Fountain screen? Explain 
your reasoning. 


46. ASTRONOMY The diagram shows a gap in Saturn’s circular rings. This 
gap is known as the Cassini division. In the diagram, the red circle 
represents the ring that borders the inside of the Cassini division. The 
yellow circle represents the ring that borders the outside of the division. 


a. The radius of the red ring is 
115,800 kilometers. The radius of the 
yellow ring is 120,600 kilometers. Find 
the circumference of the red ring and 
the circumference of the yellow ring. 
Round your answers to the nearest 
hundred kilometers. 


b. Compare the circumferences of the 
two rings. About how many kilometers 
greater is the yellow ring’s circumference 
than the red ring’s circumference? 
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47. CHALLENGE In the diagram at the right, how many times as great is the 
area of the circle as the area of the square? Explain your reasoning. AN 


48. @ ALGEBRA You have 30 yards of fencing with which to make a 
rectangular pen. Let x be the length of the pen. 
a. Write an expression for the width of the pen in terms of x. Then write 


a formula for the area y of the pen in terms of x. 


b. You want the pen to have the greatest possible area. What length and 
width should you use? Explain your reasoning. 


MIXED REVIEW 


} PREVIEW 49. Use the equation y = 2x + 1 to copy and complete the table of values. (p. 884) 
: Prepare for ; , , 
: Lesson 2.1 x 1 2 3 4 5 
: in Exs. 49-50. | | | | | 
ley ? ? ? ? 


50. Each number in a pattern is 6 less than the previous number. The first 
number in the pattern is 100. Write the next three numbers. (p. 894) 


In Exercises 51 and 52, draw a diagram to represent the problem. Then find 
the indicated measure. (p. 42) 


51. The lengths (in inches) of two sides of a regular triangle are given by the 
expressions 5x + 40 and 8x — 13. Find the length of a side of the triangle. 


52. The measures of two angles of an equiangular hexagon are 12x° and 
(10x + 20)°. Find the measure of an angle of the hexagon. 


QUIZ for Lessons 1.6-1.7 


Tell whether the figure is a polygon. If it is not, explain why. If it is a 
polygon, tell whether it is convex or concave. (p. 42) 


Find the 4 and area of the shaded figure. (p. 49) 


4. 6. 5m 
ain 4m 8.5m 
16 fg 


7. GARDENING You are spreading wood chips on a rectangular garden. The 
garden is 35 yards long and 25 yards wide. One bag of wood chips covers 


10 square feet. How many bags of wood chips do you need? (p. 49) 
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TITRA) Using ALTERNATIVE METHODS 


WORKSHOP 
LESSON 117 


Another Way to Solve Example 4, page 51 


<> MULTIPLE REPRESENTATIONS In Example 4 on page 51, you saw how to use 
& <> an equation to solve a problem about a skating rink. Looking for a pattern can 


& help you write an equation. 


SKATING RINK An ice-resurfacing machine is used to smooth the 
surface of the ice at a skating rink. The machine can resurface about 
270 square yards of ice in one minute. About how many minutes does it 
take the machine to resurface a rectangular skating rink that is 200 feet 


long and 90 feet wide? 


METHOD Using a Pattern You can use a table to look for a pattern. 
STEP 7 Find the area of the rink in square yards. In Example 4 on 
page 51, you found that the area was 2000 square yards. 


STEP 2 Make a table that shows the relationship between the time spent 
resurfacing the ice and the area resurfaced. Look for a pattern. 


Time(min) | Arearesurfaced (yd”) 


1 ‘ = 
| UEP ACTA Use the pattern to write an 


equation for the area A that 
| has been resurfaced after 
t t-270=A <q--;----| ¢ minutes. 


2 2 - 270 = 540 
STEP 3 Use the equation to find the time t 
(in minutes) that it takes the machine 
to resurface 2000 square yards of ice. 


270t =A 
270t = 2000 


t~74 
> It takes about 7 minutes. 


@mmm  ——— 


1. PLOWING A square field is E mile long 3. PARKING LOT A rectangular parking lot is 
110 yards long and 45 yards wide. It costs 


h side. A tract ] bout 
Bo pac Este. actor cam oywabou about $.60 to pave each square foot of the 


180,000 square feet per hour. To the nearest 


tenth of an hour, about how long does it take 
to plow the field? (1 mi = 5280 ft.) 


. ERROR ANALYSIS To solve Exercise 1 above, 
a student writes the equation 660 = 180,000t, 
where t is the number of hours spent 
plowing. Describe and correct the error in the 
equation. 


parking lot with asphalt. About how much 
will it cost to pave the parking lot? 


. WALKING A circular path has a diameter 


of 120 meters. Your average walking speed 
is 4 kilometers per hour. About how many 
minutes will it take you to walk around the 
path 3 times? 
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MIXED REVIEW of Problem Solving D) STATE TEST PRACTICE 


classzone.com 


Lessons 1.4-1.7 


1. MULTI-STEP PROBLEM You are covering the 5. EXTENDED RESPONSE You use bricks to 
rectangular roof of a shed with shingles. outline the borders of the two gardens 
The roof is a rectangle that is 4 yards long shown below. Each brick is 10 inches long. 
and 3 yards wide. Asphalt shingles cost 


$.75 per square foot and wood shingles cost eas 
$1.15 per square foot. 


a. Find the area of the roof in square feet. ey 


b. Find the cost of using asphalt shingles and 

the cost of using wood shingles. . You lay the bricks end-to-end around the 
border of each garden. How many bricks 
do you need for each garden? Explain. 


. The bricks are sold in bundles of 100. How 
. OPEN-ENDED In the window below, name many bundles should you buy? Explain. 
a convex polygon and a concave polygon. 
Classify each of your polygons by the . SHORT RESPONSE The frame of a mirror 
number of sides. is a regular pentagon made from pieces of 
bamboo. Use the diagram to find how many 
feet of bamboo are used in the frame. 


B C 
(7x — 3) in. 
A D 
(4x + 6) in. 
F E 


a decoration on a house. In the diagram, a skateboarder tilts one end of a skateboard. 
ZHGD and ZHGEF are right angles, Find m4 ZWX in degrees. 

mZ DGB = 21°, mZ HBG = 55°, 

Z DGB = ZFGC, and Z HBG = Z HCG. 


. About how much more will you pay to use 
wood shingles for the roof? 


. List two pairs of complementary angles 
and five pairs of supplementary angles. 


. Find mZFGC, mZ BGH, and mZ HGC. 
Explain your reasoning. 


. Find mZ HCG, mZ DBG, and mZ FCG. 
Explain your reasoning. 
. GRIDDED ANSWER /1 and “2 are a. Find the perimeter of quadrilateral ABCD. 


supplementary angles, and 71 and 23 b. Find the area of triangle ABC and the 
are complementary angles. Given mZ 1 is area of triangle ADC. What is the area of 
28° less than mZ 2, find mZ3 in degrees. quadrilateral ABCD? Explain. 
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CHAPTER SUMMARY 


- BIG IDEAS For Your Notebook 
Big Idea @ : Describing Geometric Figures 


- You learned to identify and classify geometric figures. 


PointA Line AB (AB) Plane M Segment AB (AB) 
=<eo—__-eo~_> o—_—_-® 
Re A B A B 
=>. 
Ray AB (AB) Angle A Polygon 


(2A, Z BAC, or 2 CAB) 
B Q 
oe > 
a os . cs Cy 
A C A D F Ss 
Quadrilateral ABCD Pentagon PQRST 


Big Idea ( 2) Measuring Geometric Figures 


> SEGMENTS You measured segments in the coordinate plane. 


Distance Formula Midpoint Formula 

Distance between A(x,, y,) Coordinates of midpoint M of AB, 
and B(x,, y,): with endpoints A(x,, y,) and B(,, y,): 
AB = \(x, — x,)° + (, — yQ)" M —_ = 


> ANGLES You classified angles and found their measures. 


2 3 4 
Complementary angles Supplementary angles 
mZ1+mZ2 = 90° mZ3 + mZA4 = 180° 


FORMULAS Perimeter and area formulas are reviewed on page 49. 


Big Idea © ; Understanding Equality and Congruence 


Congruent segments have equal lengths. Congruent angles have 
equal measures. 


Je" 
a © a * ¢ 
K M 
AB = BC and AB = BC ZJKL= ZLKMand mZJKL = mZLKM 
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CHAPTER REVIEW 


REVIEW KEY VOCABULARY 


For a list of * undefined terms, p. 2 * congruent segments, p. 77 
; postulates and point, line, plane * midpoint, p. 15 
pena ¢ collinear, coplanar points, p. 2 * segment bisector, p. 15 
| PP : ¢ defined terms, p. 3 - angle, p. 24 

* line segment, endpoints, p. 3 sides, vertex, measure 

* ray, opposite rays, p. 3 «acute, right, obtuse, 


+ intersection, p. 4 straight, p. 25 


- postulate, axiom, p. 9 * congruent angles, p. 26 


* coordinate, p. 9 «angle bisector, p. 28 


* distance, p.9 * construction, p. 33 


* between, p. 70 


VOCABULARY EXERCISES 


1. Copy and complete: Points A and Bare the _?_ of AB. 


2. Draw an example of a linear pair. 


* complementary angles, p. 35 


@Homelutor 
classzone.com 
* Multi-Language Glossary 

Vocabulary Practice 


* supplementary angles, p. 35 
* adjacent angles, p. 35 

¢ linear pair, p. 37 

* vertical angles, p. 37 


* polygon, p. 42 
side, vertex 


* convex, concave, p. 42 
*n-gon, p. 43 


* equilateral, equiangular, 
regular, p. 43 


3. If Qis between points P and R on PR, and PQ = QR, then Qis the _?_ of PR. 


REVIEW EXAMPLES AND EXERCISES 


Use the review examples and exercises below to check your understanding 
of the concepts you have learned in each lesson of Chapter 1. 


& B | | Identify Points, Lines, and Planes pp. 2-8 | 


Use the diagram shown at the right. 


m 


Another name for CD is line m. Te 


Points A, B, and C are collinear. 


Points A, B, C, and F are coplanar. 


EXERCISES 
: EXAMPLES 4. Give another name for line g. 
: 1,2,and 3 F . 
beeteeteseseeeceeeeeee 5. Name three points that are not collinear. 
: on pp. 3-4 
: for Exs. 4-8 6. Name four points that are coplanar. 
7. Name a pair of opposite rays. 


© 


. Name the intersection of line h and plane M. 
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@HomelTutor 
classzone.com 
Chapter Review Practice 


i 2 | Use Segments and Congruence pp. 9-14 


Find the length of HJ. |__— 27 —__ 
o——_—_—_o——_—_——_® 
GJ=GH+ HJ — Segment Addition Postulate G 18 H J 
27= 18+ HJ Substitute 27 for GJ and 18 for GH. 
9= HJ Subtract 18 from each side. 
EXERCISES 
; EXAMPLES Find the indicated length. 
: 2,3,and 4 ; : : 
3 eeececcccesccsosscoes 9. Find AB. 10. Find NP. 11. Find XY. 
: on pp. 10-11 
: for Exs. 9-12 32 | 16 
oe-——_—_—_—_"—"——*® o—_____e—_ o—_—_o-—__——_—_—__“® 
A B 2 C N 22 M8 P Xx Y 9 ze 


12. The endpoints of DE are D(—4, 11) and E(-4, —13). The endpoints of GH 
are G(—14, 5) and H(—9, 5). Are DE and GH congruent? Explain. 


é 3) Use Midpoint and Distance Formulas pp. 15-22 


_ EF has endpoints E(1, 4) and F(3, 2). Find (a) the length of EF rounded to 
the nearest tenth of a unit, and (b) the coordinates of the midpoint M of EF. 


a. Use the Distance Formula. 
EF =V(@ — 1)? + 2 — 4)? = V2? + (-2)? = V8 ~ 2.8 units 
b. Use the Midpoint Formula. 


Miss, ad = M(2, 3) 


2 2, 
EXERCISES 
: EXAMPLES 13. Point Mis the midpoint of JK. Find JK when JM = 6x — 7 and MK = 2x + 3. 
: 2, 3,and 4 P ‘ ‘ : 
; aia rasa a In Exercises 14-17, the endpoints of a segment are given. Find the length of 


the segment rounded to the nearest tenth. Then find the coordinates of the 
midpoint of the segment. 


14. A(2, 5) and B(4, 3) 15. F(1, 7) and G(6, 0) 
16. H(—3, 9) and J(5, 4) 17. K(10, 6) and L(0, —7) 


: for Exs. 13-19 


18. Point C(3, 8) is the midpoint of AB. One endpoint is A(—1, 5). Find the 
coordinates of endpoint B. 


19. The endpoints of EF are E(2, 3) and F(8, 11). The midpoint of EF is M. 
Find the length of EM. 
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CHAPTER REVIEW 


Measure and Classify Angles 


Given that mZ YXVis 60°, 
find m2 YXZ and m2 ZXV. 


STEP7 Find the value of x. 
mZYXV= mZYXZ+ MZZXV Angle Addition Postulate 
60° = (2x + 11)° + (x + 13)° _—_ Substitute angle measures. 
x= 12 Solve for x. 
STEP 2 Evaluate the given expressions when x = 12. 
MZYXZ = (2x + 11)° = (2° 12 + 11)° = 35° 
MAB = (Ge sr ISP = (12 sr ils)" = 25" 


EXERCISES 
: EXAMPLES 20. In the diagram shown at the right, mZ LMN = 140°. 
be aatats Find m2 PMN. 
on pp. 26, 28 = 
? for Exs. 20-21 21. VZ bisects Z UVW, and mZ UVZ = 81°. Find 
mZ UVW. Then classify Z UVW by its angle measure. M N 


g 5) Describe Angle Pair Relationships pp. 35-41 


a. Z1 and 42 are complementary angles. Given that m 71 = 37°, find m2 2. 
WAL =O = (Al = OO — a7 = 53" 

b. 73 and 24 are supplementary angles. Given that m2 3 = 106°, find m2 4. 
mZA4 = 180° — mZ3 = 180° — 106° = 74° 


EXERCISES 
: EXAMPLES Z1and 22 are complementary angles. Given the measure of 2 1, find mz 2. 
: 2and3 
| srovosanganeonerneiens 22, mZ1 = 12° 23. mZ1 = 83° 24. mZ1 = 46° 25. mZ1 = 2° 
: on p. 36 


: for Exs. 22-31 ? - 
Z3 and 74 are supplementary angles. Given the measure of 23, find m2 4. 


26. mZ3 = 116° 27. MZ3 = 56° 28. mZ3 = 89° 29. mZ3 = 12° 
30. Z1 and 22 are complementary angles. Find the measures of the angles 
when m1 = (x — 10)° and m2Z2 = (2x + 40)°. 


31. Zl and 22 are supplementary angles. Find the measures of the angles 
when m1 = (3x + 50)° and mZ2 = (4x + 32)°. Then classify 21 by its 
angle measure. 
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Chapter Review Practice 


Classify Polygons 


pp. 42-47 


Classify the polygon by the number of sides. Tell whether 
it is equilateral, equiangular, or regular. Explain. 
The polygon has four sides, so it is a quadrilateral. It is not 


equiangular or equilateral, so it is not regular. 


EXERCISES 
: EXAMPLES Classify the polygon by the number of sides. Tell whether it is equilateral, 
: 2and 3 equiangular, or regular. Explain. 


: on pp. 43-44 


E for Exs. 32-35 | 32 33. 25m 34. 
2cm 2cm 
2cm 2.5m 


35. Pentagon ABCDE is a regular polygon. The length of BC is represented by 
the expression 5x — 4. The length of DE is represented by the expression 
2x + 11. Find the length of AB. 


Find Perimeter, Circumference, and Area pp. 49-56 


The diameter of a circle is 10 feet. Find the circumference and area of the 
circle. Round to the nearest tenth. 


The radius is half of the length of the diameter, so r = $(10) = 5ft. 


Circumference Area 
C = 2ar ~ 2(3.14)(5) = 31.4 ft A= ar” ~ 3.14(57) = 78.5 ft? 
EXERCISES 
; EXAMPLES In Exercises 36-38, find the perimeter (or circumference) and area of the 
: 1,2, and 3 figure described. If necessary, round to the nearest tenth. 


: on pp. 49-50 


: for Exs. 36-40 36. Circle with diameter 15.6 meters 


37. Rectangle with length 43 inches and width 25 inches 
38. Triangle with vertices U(1, 2), V(—8, 2), and W(—4, 6) 


39. The height of a triangle is 18.6 meters. Its area is 46.5 square meters. Find 
the length of the triangle’s base. 


40. The area ofa circle is 320 square meters. Find the radius of the circle. 
Then find the circumference. Round your answers to the nearest tenth. 
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64 


CHAPTER TEST 


Use the diagram to decide whether the statement is true or false. 


1. Point A lies on line m. n 


Q 
. Point D lies on line n. 


. Points C, E, and B are collinear. LLL 


2 
3. Points B, C, FE, and Q are coplanar. Le pty 
4 
5 


. Another name for plane Gis plane QEC. 


Find the indicated length. 


6. Find HJ. 7. Find BC. 8. Find XZ. 
o-— 0-6 
| 52 —_—_| | 18 X 26 Y 
| o_e_® 
H J 30 «2K A 7B e 


In Exercises 9-11, find the distance between the two points. 


9. T(3, 4) and W(2, 7) 10. C(5, 10) and D(6, —1) 11. M(—8, 0) and N(~I, 3) 


12. The midpoint of AB is M(9, 7). One endpoint is A(3, 9). Find the 
coordinates of endpoint B. 


13. Line t bisects CD at point M, CM = 3x, and MD = 27. Find CD. 


In Exercises 14 and 15, use the diagram. 


14. Trace the diagram and extend the rays. Use a 
protractor to measure 2 GHjJ. Classify it as acute, 
obtuse, right, or straight. 


15. Given mZ KH] = 90°, find m2 LHJ. 

16. The measure of Z QRT is 154°, and Rs bisects Z QRT. What are the 
measures of Z QRS and Z SRT? 

In Exercises 17 and 18, use the diagram at the right. 2 

17. Name four linear pairs. 4 

18. Name two pairs of vertical angles. 

19. The measure of an angle is 64°. What is the measure of its complement? 
What is the measure of its supplement? 


20. A convex polygon has half as many sides as a concave 10-gon. Draw the 
concave polygon and the convex polygon. Classify the convex polygon 
by the number of sides it has. 


21. Find the perimeter of the regular pentagon shown at the right. 
22. CARPET You can afford to spend $300 to carpet a room that is 
5.5 yards long and 4.5 yards wide. The cost to purchase and 


install the carpet you like is $1.50 per square foot. Can you afford 
to buy this carpet? Explain. 
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45 Z 


6x — 12 


3x+6 


ALGEBRA REVIEW (222 


classzone.com 


SOLVE LINEAR EQUATIONS AND WORD PROBLEMS 
xy] | EXAMPLE 1 } Solve linear equations 


| 
Solve the equation —3(x + 5) + 4x = 25. 
—3(% +5) +4x=25 Write original equation. 


SOX al Ont AG oo Use the Distributive Property. 


X15 25 Group and combine like terms. 


x = 40 Add 15 to each side. 


xy] | EXAMPLE 2 ) Solve a real-world problem 


MEMBERSHIP COSTS A health club charges an initiation fee of $50. 
Members then pay $45 per month. You have $400 to spend on a health club 
membership. For how many months can you afford to be a member? 


Let 7 represent the number of months you can pay for a membership. 
$400 = Initiation fee + (Monthly Rate x Number of Months) 


400 = 50 + 45n Substitute. 
350 = 45n Subtract 50 from each side. 
7.8=n Divide each side by 45. 


> You can afford to be a member at the health club for 7 months. 


EXERCISES 
: EXAMPLE1 ___ Solve the equation. 
por exs. 2 1. 9y+1—y=49 2.52+7+z2=-8 3. —4(2- 8) =-16 
4. 7a—2(a-1=17 5. + 28-x)=5 6. rea 4 
7. 9c- 11 =-c + 29 8. 2(0.3r+1)=23-O01r 9 5(k+2)=3(k-4) 


: EXAMPLE 2 10. GIFT CERTIFICATE You have a $50 gift certificate at a store. You want to 


Penne ee eneeeenennenee 


? for Exs. 10-12 buy a book that costs $8.99 and boxes of stationery for your friends. Each 
box costs $4.59. How many boxes can you buy with your gift certificate? 


11. CATERING It costs $350 to rent a room for a party. You also want to hire 
a caterer. The caterer charges $8.75 per person. How many people can 
come to the party if you have $500 to spend on the room and the caterer? 
12. JEWELRY You are making a necklace out of glass beads. You use one bead 
that is Fs inches long and smaller beads that are each ¢ inch long. The 


necklace is 18 inches long. How many smaller beads do you need? 
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Scoring Rubric 


Full Credit 
* solution is complete 
and correct 


Partial Credit 

+ solution is complete 
but has errors, 
or 

¢ solution is without 
error but incomplete 


No Credit 

* no solution is given, 
or 

* solution makes no 

sense 


seeeescceecceecessescceesesscssed) > 
The reasoning is correct, 


and the computations 
are accurate. 


ceesersceccccccccescccsccescesoes > 
The answer is correct. 


cecscecceccccccecccscceccsesceoes > 
The reasoning is 


correct, but an incorrect 
conversion leads to an 
incorrect answer. 


SHORT RESPONSE QUESTIONS 


PROBLEM 


You want to rent portable flooring to set up a dance floor for a party. 
The table below shows the cost of renting portable flooring from a local 
company. You want to have a rectangular dance floor that is 5 yards 
long and 4 yards wide. How much will it cost to rent flooring? Explain 
your reasoning. 


| If the floor areais... Then the costis... 


| less than 100 square feet $6.50 per square foot 


| between 100 and 200 square feet $6.25 per square foot 


Below are sample solutions to the problem. Read each solution and the 
comments in blue to see why the sample represents full credit, partial 
credit, or no credit. 


SAMPLE 1: Full credit solution 


Find the area of the dance floor. Area = fw = 5(4) = 20 yd’. 
Then convert this area to square feet. There are 3” = 9 ft? in 1 yd”. 
2 
20yd2 - 2 = 180 £ 
Lyd? 
Because 180 ft” is between 100 ft? and 200 ft’, the price of flooring is 
$6.25 per square foot. Multiply the price per square foot by the area. 


$6.25, 
1g 


Total cost = 180 ft2 = $1125 


It will cost $1125 to rent flooring. 


SAMPLE 2: Partial credit solution 


The area of the dance floor is 5(4) = 20 square yards. Convert this area to 
square feet. There are 3 feet in 1 yard. 


2 
20 yd? - 34 = 60 fr? 
1 yd 


The flooring will cost $6.50 per square foot because 60 ft? is less than 
100 ft”. To find the total cost, multiply the area by the cost per square foot. 


$6.50 
60 ft? « 22 = $390 
ft Tz $ 


It will cost $390 to rent flooring. 
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sovceeeccevccnccvccescceesoresees > 


The computations and 
the answer are correct, 
but the reasoning is 
incomplete. 


scabsuetnedasteontewelaetascseety > 


The student's reasoning 
is incorrect, and the 
answer is incorrect. 


SAMPLE 3: Partial credit solution 


The area of the room is 180 ft”, so the flooring price is $6.25. The total 
cost is 180 + 6.25 = $1125. 


It will cost $1125 to rent flooring. 


SAMPLE 4: No credit solution 


Floor area = 4 X 5 = 20. 
Cost = 20 X $650 = $13,000. 
It will cost $13,000 to rent flooring. 


PRACTICE Apply the Scoring Rubric 


Use the rubric on page 66 to score the solution to the problem below as full 
credit, partial credit, or no credit. Explain your reasoning. 


PROBLEM You have 450 daffodil bulbs. You divide a 5 yard by 2 yard 
rectangular garden into 1 foot by 1 foot squares. You want to plant the 


same number of bulbs in each square. How many bulbs should you 
plant in each square? Explain your reasoning. 


Firat find the area of the plot in square feet. There are 3 feet in 1 yard, so 
the length is 5(3) = 15 feet, and the width is 2(3) = 6 feet. The area is 
15(6) = 90 square feet. The garden plot can be divided into 90 squares 

with side length 1 foot. Divide 450 by 90 to get 5 bulbs in each square. 


The area of the garden plot is 5(2) = 10 square yards. There are 3 feet in 
1 yard, 0 you can multiply 10 square yards by 3 to get an area of 
30 square feet. You can divide the garden plot into 30 squares. To find 


how many bulbs per square, divide 450 bulbs by 30 to get 15 bulbs. | 


Divide 450 by the area of the plot: 450 bulbs + 10 yards = 45 bulbs. You — 
should plant 45 bulbs in each square. 


— | 
Multiply the length and Diagram of garden plot 
width by 3 feet to convert NT n/n nT nT TTT 
yards to feet. The area is 


15 ft X 6 ft = 90 ft*. 
Divide the garden into 


90 squares. i el ee ee | 
5 yd = 15 ft 
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SHORT RESPONSE 


1. It costs $2 per square foot to refinish a 
hardwood floor if the area is less than 
300 square feet, and $1.75 per square foot if 
the area is greater than or equal to 
300 square feet. How much does it cost 
to refinish a rectangular floor that is 6 yards 
long and 4.5 yards wide? Explain your 
reasoning. 


. As shown below, the library (point L) and the 
Town Hall (point T) are on the same straight 
road. Your house is on the same road, 
halfway between the library and the Town 
Hall. Let point H mark the location of your 
house. Find the coordinates of H and the 
approximate distance between the library 
and your house. Explain your reasoning. 


Distance (km) 


Distance (km) 


. The water in a swimming pool evaporates 
over time if the pool is not covered. In 
one year, a swimming pool can lose about 
17.6 gallons of water for every square foot of 
water that is exposed to air. About how much 
water would evaporate in one year from 
the surface of the water in the pool shown? 
Explain your reasoning. 


4. Acompany is designing a cover for a circular 
swimming pool. The diameter of the pool 

is 20 feet. The material for the cover costs 

$4 per square yard. About how much will it 
cost the company to make the pool cover? 
Explain your reasoning. 
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5. You are making a mat with a fringed border. 
The mat is shaped like a regular pentagon, 
as shown below. Fringe costs $1.50 per yard. 
How much will the fringe for the mat cost? 
Explain your reasoning. 


(x + 5) cm 


(3x — 19) cm 


6. Angles A and B are complementary angles, 


mZA = (2x — 4)°, and mZB = (4x — 8)°. 
Find the measure of the supplement of 2 B. 
Explain your reasoning. 


7. As shown on the map, you have two ways 


to drive from Atkins to Canton. You can 
either drive through Baxton, or you can 
drive directly from Atkins to Canton. About 
how much shorter is the trip from Atkins 

to Canton if you do not go through Baxton? 
Explain your reasoning. 


Distance (km) 


Distance (km) 


8. A jeweler is making pairs of gold earrings. 


For each earring, the jeweler will make a 
circular hoop like the one shown below. The 
jeweler has 2 meters of gold wire. How many 
pairs of gold hoops can the jeweler make? 
Justify your reasoning. 


MULTIPLE CHOICE 


9. The midpoint of AB is M(4, —2). One 
endpoint is A(—2, 6). What is the length 
of AB? 


@) 5units 
10 units 
© 20 units 
@® 28 units 
10. The perimeter of a rectangle is 85 feet. The 
length of the rectangle is 4 feet more than its 


width. Which equation can be used to find 
the width w of the rectangle? 


@ 85=2(w+ 4) 
85 = 2w + 2(w — 4) 
© 85 =2(2w + 4) 
® 85=w(wt 4) 


EXTENDED RESPONSE 


STATE TEST PRACTICE 
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GRIDDED ANSWER 


11. In the diagram, YW bisects 2 XYZ. Find 
mZ XYZ in degrees. 


(6x — 9)° 


12. Angles A and B are complements, and the 
measure of ZA is 8 times the measure of 
ZB. Find the measure (in degrees) of the 
supplement of 2A. 


13. The perimeter of the triangle shown is 
400 feet. Find its area in square feet. 


(x + 90) ft 
xft 


(x + 70) ft 


14. The athletic director at a college wants to build an indoor playing field. 
The playing field will be twice as long as it is wide. Artificial turf costs 
$4 per square foot. The director has $50,000 to spend on artificial turf. 


a. What is the largest area that the director can afford to cover with 


artificial turf? Explain. 


b. Find the approximate length and width of the field to the nearest foot. 


15. An artist uses black ink to draw the outlines of 30 circles and 25 squares, 
and red ink to fill in the area of each circle and square. The diameter of 
each circle is 1 inch, and the side length of each square is 1 inch. Which 
group of drawings uses more black ink, the circles or the squares? Which 


group of drawings uses more red ink? Explain. 


16. Points A and Crepresent the positions of two boats ina hy 
large lake. Point B represents the position of a fixed buoy. oA | 


a. Find the distance from each boat to the buoy. 


b. The boat at point A travels toward the buoy 
in a straight line at a rate of 5 kilometers 
per hour. The boat at point C travels to the 
buoy at a rate of 5.2 kilometers per hour. 
Which boat reaches the buoy first? Explain. 


Distance (km) 


i 
| 
| 
| 


Distance (km) 
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Se 2.6 Prove Statement about Segments andy ples 


SP. 
‘ ~~ 


preesenins andProof 
ion 


[Use mae Reasoning 


Ste: 


Bea “2:2 Analyze Conditional Statements 


see 2.3 apply beductive Reasoning 


A Use Postulatesiand Diapra 


5 Reason Using 1es from Algebra \ 


~~ 2.7 Prove Angle Pair Relationsiiipes. NS 7 ie 


In previous courses and in Chapter 1, you learned the following skills, which 
you'll use in Chapter 2: naming figures, using notations, drawing diagrams, 
solving equations, and using postulates. 


Prerequisite Skills 


Use the diagram to name an example of the described figure. 


1. Aright angle 
2. A pair of vertical angles 
3. A pair of supplementary angles 


4. A pair of complementary angles 


Describe what the notation means. Draw the figure. (Review p. 2 for 2.4.) 
5. AB 6. CD 7. EF 8. GH 


Solve the equation. (Review p. 875 for 2.5. 
9. 3x +5 = 20 10. 4x — 7) = -12 11. 5(x + 8) = 4x 


Name the postulate used. Draw the figure. (Review pp. 9, 24 for 2.5 
12. MZABD+ mMZDBC=mZABC 13. ST+ TU= SU 


\ 
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In Chapter 2, you will apply the big ideas listed below and reviewed in the 
Chapter Summary on page 133. You will also use the key vocabulary listed below. 


© Use inductive and deductive reasoning 
© Understanding geometric relationships in diagrams 
© writing proofs of geometric relationships 


KEY VOCABULARY 
* conjecture, p. 73 ¢ if-then form, p. 79 ¢ biconditional statement, 
+ inductive reasoning, p. 73 hypothesis, conclusion p. 82 
* counterexample, p. 74 * negation, p. 79 ¢ deductive reasoning, p. 87 
+ conditional statement, p. 79 * equivalent statements, p.80 + proof, p. 172 
converse, inverse, * perpendicular lines, p. 87 * two-column proof, p. 112 


contrapositive ¢ theorem, p. 113 


You can use reasoning to draw conclusions. For example, by making logical 
conclusions from organized information, you can make a layout of a city street. 


jpimatea 
A 


The animation illustrated below for Exercise 29 on page 119 helps you answer 
this question: Is the distance from the restaurant to the movie theater the 
same as the distance from the cafe to the dry cleaners? 


The distance from the restacrant tothe shoe store the same as the distance from the cate to the florist 
The distance tos the shoe store 10 the movie theater is the same as the tance oe the movie theater 
tt tee cale anc fear the feist the dey chnarwrs 


You are walking down a street and want 
to find distances between businesses. 


Label a number line to represent given 
information about the businesses. 


fz 


Other animations for Chapter 2: pages 72, 81, 88, 97, 106, and 125 
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Key Vocabulary 
* conjecture 


¢ inductive 
reasoning 


=r sot 2 


Use Inductive qm — FTL 
Reasoning Ye CUR TES 


You classified polygons by the number of sides. 
You will describe patterns and use inductive reasoning. 


So you can make predictions about baseball, as in Ex. 32. 


Geometry, like much of science and mathematics, was developed partly as a 
result of people recognizing and describing patterns. In this lesson, you will 
discover patterns yourself and use them to make predictions. 


scountentample (EXAMPLE 1 ] Describe a visual pattern 


: READ SYMBOLS 


The three dots (. . .) tell 


: you that the pattern 
: continues. 


Describe how to sketch the fourth figure in the pattern. Then sketch the 
fourth figure. 


Figure 1 Figure 2 Figure 3 


Solution 


Each circle is divided into twice as many equal regions 

as the figure number. Sketch the fourth figure by 

dividing a circle into eighths. Shade the section just 

above the horizontal segment at the left. Figure 4 


Gant Describe a number pattern 


Describe the pattern in the numbers —7, —21, —63, —189, ... and write the 
next three numbers in the pattern. 
Notice that each number in the pattern is three times the previous number. 
=(, =21, =63, = 189) 5 
SW 
x3 x3 x3 x3 


> Continue the pattern. The next three numbers are —567, —1701, and —5103. 


Sale te cies = 
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Vv GUIDED PRACTICE for Examples 1 and 2 


1. Sketch the fifth figure in the pattern in Example 1. 


2. Describe the pattern in the numbers 5.01, 5.03, 5.05, 5.07, .... Write the 
next three numbers in the pattern. 
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INDUCTIVE REASONING A conjecture is an unproven statement that is based 
on observations. You use inductive reasoning when you find a pattern in 
specific cases and then write a conjecture for the general case. 


( EXAMPLE 3 } Make a conjecture 


Given five collinear points, make a conjecture about the number of ways to 
connect different pairs of the points. 
Solution 


Make a table and look for a pattern. Notice the pattern in how the number of 
connections increases. You can use the pattern to make a conjecture. 


Number of 
| points | 1 | 2 3 | 4 | 5 
Picture ° oe — — a a 
Number of 5 
connections 0 , 3 6 , 
+1 +2 +3 +? 


> Conjecture You can connect five collinear points 6 + 4, or 10 different ways. 


( EXAMPLE 4 ) Make and test a conjecture 


Numbers such as 3, 4, and 5 are called consecutive numbers. Make and test a 
conjecture about the sum of any three consecutive numbers. 
Solution 
STéP7 Find a pattern using a few groups of small numbers. 
34+444+5=12=4:3 7+8+9=24=8:23 
10+ 114+ 12=33=11-3 164+ 17+ 18=51=17°3 
> Conjecture The sum of any three consecutive integers is three times the 
second number. 
STEP 2 Test your conjecture using other numbers. For example, test that it 
works with the groups —1, 0, 1 and 100, 101, 102. 
-1+0+1=0=0°3V 100 + 101 + 102 = 303 = 101 °3V 


vo GUIDED PRACTICE for Examples 3 and 4 


3. Suppose you are given seven collinear points. Make a conjecture about the 
number of ways to connect different pairs of the points. 


4. Make and test a conjecture about the sign of the product of any three 
negative integers. 


2.1 Use Inductive Reasoning 73 


DISPROVING CONJECTURES To show that a conjecture is true, you must show 
that it is true for all cases. You can show that a conjecture is false, however, by 
simply finding one counterexample. A counterexample is a specific case for 
which the conjecture is false. 


( EXAMPLE 5 } Find a counterexample 


* ( EXAMPLE 6 } Standardized Test Practice 


: ELIMINATE CHOICES 


RRR e ene eee n enema ena eeeeaeeees) 


: Because the graph does 
: not show data about 

: boys or the World 

: Cup games, you can 

: eliminate choices 

: Aand C. 


A student makes the following conjecture about the sum of two numbers. 
Find a counterexample to disprove the student’s conjecture. 


Conjecture The sum of two numbers is always greater than the 
larger number. 
Solution 


To find a counterexample, you need to find a sum that is less than the 
larger number. 


2+ -3=-5 
-5}-3 


> Because a counterexample exists, the conjecture is false. 


Which conjecture could a high school athletic director 
make based on the graph at the right? 


@® More boys play soccer than girls. 


More girls are playing soccer 
today than in 1995. 


© More people are playing soccer 
today than in the past because 
the 1994 World Cup games were 
held in the United States. 


1995 2000 
Year 


7) 
< 

ces 
a) 
cs 
Ss & 
2s 
2s 
e 2 
ar) 
_ = 
aX 
= 

o 


@® The number of girls playing soccer 
was more in 1995 than in 2001. 


Solution 


Choices A and C can be eliminated because they refer to facts not presented 
by the graph. Choice B is a reasonable conjecture because the graph shows an 
increase from 1990-2001, but does not give any reasons for that increase. 


> The correct answer is B. @ © ® 


vo GUIDED PRACTICE for Examples 5 and 6 


5. Find a counterexample to show that the following conjecture is false. 
Conjecture The value of x’ is always greater than the value of x. 


6. Use the graph in Example 6 to make a conjecture that could be true. 
Give an explanation that supports your reasoning. 
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2.1 EXERCISES = “™"2iy/ O-wongeausnuro 
1 KEY: on p. WS1 for Exs. 7, 15, and 33 
%& = STANDARDIZED TEST PRACTICE 
Exs. 2,5, 19, 22, and 36 


: @ = MULTIPLE REPRESENTATIONS 
} Ex. 35 


SKILL PRACTICE 


1. VOCABULARY Write a definition of conjecture in your own words. 
2. *& WRITING The word counter has several meanings. Look up the word in 


a dictionary. Identify which meaning helps you understand the definition 
of counterexample. 


: EXAMPLE 1 SKETCHING VISUAL PATTERNS Sketch the next figure in the pattern. 


: on p. 72 
: for Exs. 3-5 3 pr Ser we ” f Pe 
5. %& MULTIPLE CHOICE What is the next 
figure in the pattern? \| A NJ 


: EXAMPLE 2 DESCRIBING NUMBER PATTERNS Describe the pattern in the numbers. 


5 on p. 72 Write the next number in the pattern. 
eon 6. 1,5,9,13,... (7)3, 12, 48, 192,... #, 10.5; 3-6, 12955. 
oe os 10. 1,£,5,0,... il, —5--4. 12... 


MAKING CONJECTURES In Exercises 12 and 13, copy and complete the 
conjecture based on the pattern you observe in the specific cases. 


: EXAMPLE 3 12. Given seven noncollinear points, make a conjecture about the number of 
corn is ways to connect different pairs of the points. 
: for Ex. 12 
Number of 3 4 5 6 7 
points 
= AWA - 
Number of 
? 
connections 5 2 au Ua : 


Conjecture You can connect seven noncollinear points _?_ different ways. 


: EXAMPLE 4 . 
op 13. Use these sums of odd integers: 3 + 7 = 10,1 + 7 = 8, 17 + 21 = 38 
? for Ex. 13 Conjecture The sum of any two odd integers is _?_. 


2.1 Use Inductive Reasoning 


; EXAMPLE5 | FINDING COUNTEREXAMPLES In Exercises 14-17, show the conjecture is false 


: on p. 74 by finding a counterexample. 
: for Exs. 14-17 


14. If the product of two numbers is positive, then the two numbers 
must both be positive. 
(is) The product (a + b)? is equal to a? + b’, fora 4 0 andb #0. 
16. All prime numbers are odd. 
17. If the product of two numbers is even, then the two numbers 
must both be even. 


18. ERROR ANALYSIS Describe and correct 


the error in the student’s reasoning. True conjecture: All angles are acute. 
le: 
Example 2 C Se 
A B 


19. * SHORT RESPONSE Explain why only one counterexample is necessary 
to show that a conjecture is false. 


@) ALGEBRA In Exercises 20 and 21, write a function rule relating x and y. 


20. 7 21. 
x 1 2 3 | x 1 2 3 


—.i29 Ba vy) 2 4 6 


22. %& MULTIPLE CHOICE What is the first number in the pattern? 
2.2, 2 , 81, 243, 729 


— ee) 


@ 1 ®3 © 9 @®> 27 


MAKING PREDICTIONS Describe a pattern in the numbers. Write the next 
number in the pattern. Graph the pattern on a number line. 


23. 2, 3, 4, a 24. 1,8, 27,64, 125,... 25. 0.45, 0.7, 0.95, 1.2,... 
96,4, 3; 6, 10; 15,2. 27. 2,20, 10, 100, 50,... 28. 0.4(6), 0.4(6)2, 0.4(6)°, ... 


29. €J) ALGEBRA Consider the pattern 5, 57, 5r?, 5r°, .. .. For what values of 
r will the values of the numbers in the pattern be increasing? For what 
values of r will the values of the numbers be decreasing? Explain. 


30. REASONING A student claims that the next number in the pattern 
1,2, 4,... is 8, because each number shown is two times the previous 
number. Is there another description of the pattern that will give the 
same first three numbers but will lead to a different pattern? Explain. 


ta 
go 


a. Describe the pattern. Write the next three numbers in the pattern. 


31. CHALLENGE Consider the pattern 1, ib 3, 1 


b. What is happening to the values of the numbers? 
c. Make a conjecture about later numbers. Explain your reasoning. 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED = MULTIPLE 
76 on p. WS1 TEST PRACTICE REPRESENTATIONS 


“PROBLEM SOLVING 


32. BASEBALL You are watching a pitcher who throws two types of pitches, a 
fastball (F, in white below) and a curveball (C, in red below). You notice 
that the order of pitches was F, C, F, F, C, C, F, F, F. Assuming that this 
pattern continues, predict the next five pitches. 
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; EXAMPLE6 STATISTICS The scatter plot shows the number of person-to-person 
? on p. 74 e-mail messages sent each year. Make a conjecture that could be true. 
: for Ex. 33 Give an explanation that supports your reasoning. 


Worldwide E-mail Messages Sent 


oOo << 


i) 


Number (trillions) 
- 


1996 1997 1998 1999 2000 2001 2002 2003 * 


for problem solving help at classzone.com 


34. VISUAL REASONING Use the pattern below. Each figure is made of squares 
that are 1 unit by 1 unit. 


af Es Eb Be 


a. Find the distance around each figure. Organize your results in a table. 
b. Use your table to describe a pattern in the distances. 
c. Predict the distance around the 20th figure in this pattern. 


35. @ MULTIPLE REPRESENTATIONS Use the given ee y 
function table relating x and y. = 
a. Making a Table Copy and complete the table. a a a 
b. Drawing a Graph Graph the table of values. 5) | ol 
c. Writing an Equation Describe the pattern in ? 15 
words and then write an equation relating 12 | ? 
x and y. 15 | 31 


2.1 Use Inductive Reasoning 77 


36. * EXTENDED RESPONSE Your class is selling raffle tickets for $.25 each. 


a. Make a table showing your income if you sold 0, 1, 2, 3, 4, 5, 10, or 
20 raffle tickets. 


b. Graph your results. Describe any pattern you see. 
c. Write an equation for your income y if you sold x tickets. 


d. If your class paid $14 for the raffle prize, at least how many tickets 
does your class need to sell to make a profit? Explain. 


e. How many tickets does your class need to sell to make a profit of $502 


37. FIBONACCI NUMBERS The Fibonacci numbers are shown below. 
Use the Fibonacci numbers to answer the following questions. 


1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89,... 
a. Copy and complete: After the first two 
numbers, each number is the _?_ of the _? 
previous numbers. 
b. Write the next three numbers in the pattern. 
c. Research This pattern has been used to 
describe the growth of the nautilus shell. 


Use an encyclopedia or the Internet to find 
another real-world example of this pattern. 


38. CHALLENGE Set A consists of all multiples of 5 greater than 10 and 
less than 100. Set B consists of all multiples of 8 greater than 16 
and less than 100. Show that each conjecture is false by finding a 
counterexample. 


a. Any number in set A is also in set B. 
b. Any number less than 100 is either in set A or in set B. 
c. No number is in both set A and set B. 


——————————oooooooooooooooooooeeeeooeeeeoeoaoaoOoO 
MIXED REVIEW 


: PREVIEW 


SRP eee e eee ener eeeenee 


: Prepare for 
: Lesson 2.2 
: in Exs. 43-46. 


78 


Use the Distributive Property to write the expression without parentheses. 
(p. 872) 


39. 4(x — 5) 40. —2(x — 7) Al. (—2n + 5)4 42. x(x + 8) 


You ask your friends how many pets they have. The results are: 1, 5, 1, 0, 3, 
6, 4, 2, 10, and 1. Use these data in Exercises 43-46. (p. 887) 


43. Find the mean. 44, Find the median. 45. Find the mode(s). 


46. Tell whether the mean, median, or mode(s) best represent(s) the data. 


Find the perimeter and area of the figure. (p. 49) 


47. 48. 49. 
: 10 ft 
Tin. 


8 ft 
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Analyze Conditional 
Statements 


You used definitions. 


You will write definitions as conditional statements. 


iN 


So you can verify statements, as in Example 2. 


Key Vocabulary A conditional statement is a logical statement that has two parts, a 

* conditional hypothesis and a conclusion. When a conditional statement is written in 
statement if-then form, the “if” part contains the hypothesis and the “then” part 
converse, inverse, contains the conclusion. Here is an example: 
contrapositive aa we , 

Hf then fora If it is raining, then there are clouds in the sky. 
hypothesis, 4, ap 
conclusion Hypothesis Conclusion 


* negation 


* equivalent ( EXAMPLE 1 } Rewrite a statement in if-then form 
statements 


* perpendicular lines Rewrite the conditional statement in if-then form. 
¢ biconditional i 
statement a. All birds have feathers. 


b. Two angles are supplementary if they are a linear pair. 


Solution 


First, identify the hypothesis and the conclusion. When you rewrite 


the statement in if-then form, you may need to reword the hypothesis 
or conclusion. 


a. All birds have feathers. 
If an animal is a bird, then it has feathers. 


b. Two angles are supplementary if they are a linear pair. 
If two angles are a linear pair, then they are supplementary. 


4 GUIDED PRACTICE for Example 1 


Rewrite the conditional statement in if-then form. 
1. All 90° angles are right angles. 2. 2x + 7 = 1, because x = —3. 


3. When n = 9, n? = 81. 4. Tourists at the Alamo are in Texas. 


NEGATION The negation of a statement is the opposite of the original statement. 
Notice that Statement 2 is already negative, so its negation is positive. 


Statement 1 The ball is red. Statement 2 The cat is not black. 
Negation 1 The ball is not red. Negation 2 The cat is black. 


2.2 Analyze Conditional Statements 
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VERIFYING STATEMENTS Conditional statements can be true or false. To 
show that a conditional statement is true, you must prove that the conclusion 
is true every time the hypothesis is true. To show that a conditional statement 
is false, you need to give only one counterexample. 


RELATED CONDITIONALS To write the converse of a conditional statement, 
exchange the hypothesis and conclusion. 


: READ VOCABULARY To write the inverse of a conditional statement, negate both the hypothesis 


Pre rPetr Tri rr irre rir i rrr i rir) 


: To negate part of a and the conclusion. To write the contrapositive, first write the converse and 

: conditional statement, then negate both the hypothesis and the conclusion. 

: you write its negation. 
Conditional statement If mA = 99°, then ZA is obtuse. ————F 
Converse If ZA is obtuse, then mZA = 99°. ath both 
Inverse If mZA # 99° then ZA is not obtuse. «<—— false true 


Contrapositive If 7A is not obtuse, then mA # 99°. 


Gi Write four related conditional statements 


Write the if-then form, the converse, the inverse, and the contrapositive of 
the conditional statement “Guitar players are musicians.” Decide whether 
each statement is true or false. 

Solution 


If-then form If you are a guitar player, then you are a musician. 
True, guitars players are musicians. 


Converse If you are a musician, then you are a guitar player. 
False, not all musicians play the guitar. 


Inverse If you are not a guitar player, then you are not a musician. 
False, even if you don't play a guitar, you can still be a musician. 


Contrapositive If you are not a musician, then you are not a guitar 
player. True, a person who is not a musician cannot be a guitar player. 


4 GUIDED PRACTICE | for Example 2 


Write the converse, the inverse, and the contrapositive 
of the conditional statement. Tell whether each 
statement is true or false. 


5. If a dog is a Great Dane, then it is large. 


6. Ifa polygon is equilateral, then the polygon is regular. 


EQUIVALENT STATEMENTS A conditional statement and its contrapositive 
are either both true or both false. Similarly, the converse and inverse of a 
conditional statement are either both true or both false. Pairs of statements 
such as these are called equivalent statements. In general, when two 
statements are both true or both false, they are called equivalent statements. 
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: READ DIAGRAMS 


: Ina diagram, a red 

: square may be used to 
? indicate a right angle 

: or that two intersecting 
: lines are perpendicular. 


DEFINITIONS You can write a definition as a conditional statement in if-then 
form or as its converse. Both the conditional statement and its converse are 
true. For example, consider the definition of perpendicular lines. 


KEY CONCEPT For Your Notebook 


Perpendicular Lines 


Definition If two lines intersect to form a right angle, 
then they are perpendicular lines. 


The definition can also be written using the converse: = 
If two lines are perpendicular lines, then they intersect 
to form a right angle. 


You can write “line £ is perpendicular to line m” as £ 1 m. fim 


( EXAMPLE 3 } Use definitions 


Decide whether each statement about the 
diagram is true. Explain your answer using B 
the definitions you have learned. 


a. AC L BB A E C 
b. ZAEB and 2 CEB are a linear pair. 


— — F 
c. EA and EB are opposite rays. 


Solution 


a. This statement is true. The right angle symbol in the diagram indicates 
that the lines intersect to form a right angle. So you can say the lines 
are perpendicular. 

b. This statement is true. By definition, if the noncommon sides of adjacent 
angles are opposite rays, then the angles are a linear pair. Because EA 
and EC are opposite rays, ZAEB and 2 CEB are a linear pair. 


c. This statement is false. Point E does not lie on the same line as A and B, 
so the rays are not opposite rays. 
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vo GUIDED PRACTICE for Example 3 


Use the diagram shown. Decide whether each statement is true. 
Explain your answer using the definitions you have learned. 


7. ZJMF and Z FMG are supplementary. 
8. Point M is the midpoint of FH. 
9. ZJMF and 2 HMG are vertical angles. 
cd => 
10. FH JG 


2.2 Analyze Conditional Statements 
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: READ DEFINITIONS BICONDITIONAL STATEMENTS When a conditional statement and its converse 


: All definitions canbe are both true, you can write them as a single biconditional statement. A 
: interpreted forward and biconditional statement is a statement that contains the phrase “if and only if.” 


: backward in this way. : canes ; : ee 
Any valid definition can be written as a biconditional statement. 


( EXAMPLE 4 } Write a biconditional 


Write the definition of perpendicular lines as a biconditional. 
Solution 


Definition If two lines intersect to form a right angle, then they are perpendicular. 
Converse If two lines are perpendicular, then they intersect to form a right angle. 


Biconditional Two lines are perpendicular if and only if they intersect to form 
aright angle. 


4 GUIDED PRACTICE for Example 4 


11. Rewrite the definition of right angle as a biconditional statement. 


12. Rewrite the statements as a biconditional. 


If Mary is in theater class, she will be in the fall play. If Mary is in 
the fall play, she must be taking theater class. 


2.2 EXERCISES “EY Onsen 
° KEY: on p. WS1 for Exs. 11, 17, and 33 
: 3& = STANDARDIZED TEST PRACTICE 
Exs. 2, 25, 29, 33, 34, and 35 


SKILL PRACTICE 


1. VOCABULARY Copy and complete: The _?_ of a conditional statement is 
found by switching the hypothesis and the conclusion. 


2. *& WRITING Write a definition for the term collinear points, and show 
how the definition can be interpreted as a biconditional. 


: EXAMPLE 1 REWRITING STATEMENTS Rewrite the conditional statement in if-then form. 


2 on p. 79 _ 2 
: for Exs. 3-6 3. When x = 6, x° = 36. 


4. The measure of a straight angle is 180°. 


5. Only people who are registered are allowed to vote. 


6. ERROR ANALYSIS Describe and correct the error in writing the if-then 
statement. 


If-then statement: If a high school student takes four courses, then 


Given statement: All high school students take four English courses. 
all four are English courses. 
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EXAMPLE 2 


: for Exs. 7-15 


are an neunen 
: for Exs. 16-18 


srr diate eee 
: for Exs. 19-21 


WRITING RELATED STATEMENTS For the given statement, write the if-then 
form, the converse, the inverse, and the contrapositive. 


7. The complementary angles add to 90°. 8. Ants are insects. 

9. 3x + 10 = 16, because x = 2. 10. A midpoint bisects a segment. 
ANALYZING STATEMENTS Decide whether the statement is true or false. If 
false, provide a counterexample. 

(1) If a polygon has five sides, then it is a regular pentagon. 
12. If mZA is 85°, then the measure of the complement of 7A is 5°. 
13. Supplementary angles are always linear pairs. 
14. If a number is an integer, then it is rational. 
15. Ifa number is a real number, then it is irrational. 


USING DEFINITIONS Decide whether each statement about the diagram is 
true. Explain your answer using the definitions you have learned. 


— cd 
16. mZABC = 90° (7) PQ LST 18. mZ2 + mZ3 = 180° 
A Qa 
2 3 
M N P 
B C 


REWRITING STATEMENTS In Exercises 19-21, rewrite the definition as a 
biconditional statement. 


19. An angle with a measure between 90° and 180° is called obtuse. 


20. Two angles are a linear pair if they are adjacent angles whose 
noncommon sides are opposite rays. 


21. Coplanar points are points that lie in the same plane. 


DEFINITIONS Determine whether the statement is a valid definition. 
22. If two rays are opposite rays, then they have a common endpoint. 


23. If the sides of a triangle are all the same length, then the triangle 
is equilateral. 


24. Ifan angle is a right angle, then its measure is greater than that of 
an acute angle. 
25. %& MULTIPLE CHOICE Which statement has the same meaning as the 
given statement? 
GIVEN > You can go to the movie after you do your homework. 
(@) Ifyou do your homework, then you can go to the movie afterwards. 
If you do not do your homework, then you can go to the movie afterwards. 
©) Ifyou cannot go to the movie afterwards, then do your homework. 


@®) Ifyou are going to the movie afterwards, then do not do your homework. 


2.2 Analyze Conditional Statements 
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3) ALGEBRA Write the converse of each true statement. Tell whether the 
converse is true. If false, explain why. 


26. Ifx>4, then x>0. 27. Ifx<6, then —x>—6. 28. Ifx< —x, then x <0. 


29. * OPEN-ENDED MATH Write a statement that is true but whose converse 
is false. 


30. CHALLENGE Write a series of if-then statements that allow you to 
find the measure of each angle, given that m2 1 = 90°. Use the 
definition of linear pairs. 3)2 


> 


PROBLEM SOLVING 


seen SS SSELONTE 
: for Exs. 31-32 


84 


In Exercises 31 and 32, use the information about volcanoes to determine 
whether the biconditional statement is true or false. If false, provide a 
counterexample. 


VOLCANOES Solid fragments are sometimes ejected from volcanoes during 
an eruption. The fragments are classified by size, as shown in the table. 


31. A fragment is called a block or bomb if and only : ‘ 
if its diameter is greater than 64 millimeters. Type of Diameter d 


yer - fragment millimeters 
_@HomelTutor — for problem solving help at classzone.com 8 7 ( 
Ash d<2 
32. A fragment is called a Japilli if and only if its ie 
: : aes Lapilli 2<d<64 
diameter is less than 64 millimeters. P | 
Block or bomb d>64 


‘@Homelutor — for problem solving help at classzone.com 


@3) %* SHORT RESPONSE How can you show that the statement, “If you play a 
sport, then you wear a helmet.” is false? Explain. 


34, * EXTENDED RESPONSE You measure the heights of your classmates to 
get a data set. 


a. Tell whether this statement is true: If x and y are the least and 
greatest values in your data set, then the mean of the data is between 
x and y. Explain your reasoning. 


b. Write the converse of the statement in part (a). Is the converse true? 
Explain. 


c. Copy and complete the statement using mean, median, or mode 
to make a conditional that is true for any data set. Explain your 
reasoning. 


Statement Ifa data set has a mean, a median, and a mode, then the _ 2 
of the data set will always be one of the measurements. 


35. *& OPEN-ENDED MATH The Venn diagram 
below represents all of the musicians at 
a high school. Write an if-then statement 
that describes a relationship between the 
various groups of musicians. 


Musicians 


© = WORKED-OUT SOLUTIONS %& = STANDARDIZED 


on p. WS1 TEST PRACTICE 


36. MULTI-STEP PROBLEM The statements below describe three ways that 
rocks are formed. Use these statements in parts (a)—(c). 


Igneous rock is formed from the cooling of molten rock. 
Sedimentary rock is formed from pieces of other rocks. 


Metamorphic rock is formed by changing temperature, pressure, or 
chemistry. 


a. Write each statement in if-then form. 


b. Write the converse of each of the statements in part (a). Is the 
converse of each statement true? Explain your reasoning. 


c. Write a true if-then statement about rocks. Is the converse of your 
statement true or false? Explain your reasoning. 


37. G3 ALGEBRA Can the statement, “If x? — 10 = x + 2, then x = 4,” be 
combined with its converse to form a true biconditional? 


38. REASONING You are given that the contrapositive of a statement is true. 
Will that help you determine whether the statement can be written as a 
true biconditional? Explain. 


39. CHALLENGE Suppose each of the following statements is true. What can 
you conclude? Explain your answer. 


If it is Tuesday, then I have art class. 

It is Tuesday. 

Each school day, I have either an art class or study hall. 
If it is Friday, then I have gym class. 

Today, I have either music class or study hall. 


———————eEEE ee 
M 


: PREVIEW 


: Prepare for 
: Lesson 2.3 in 
: Exs. 40-45. 


IXED REVIEW 


Find the product of the integers. (p. 869) 
40. (—2)(10) 41. (15)(-—3) 42. (—12)(—4) 
43. (—5)(—4)(10) 44, (—3)(6)(-2) 45. (—4)(—2)(—5) 


Sketch the figure described. (p. 2) 
—. <— . Fs s 
46. AB intersects CD at point E. 47. XY intersects plane P at point Z. 
48. GHis parallel to IK. 49. Vertical planes X and Y intersect in MN. 
Find the coordinates of the midpoint of the segment with the given 
endpoints. (p. 15) 
50. A(10, 5) and B(4, 5) 51. P(4, -1) and Q(-2, 3) 52. L(2, 2) and N(1, —2) 


Tell whether the figure is a polygon. If it is not, explain why. If it isa 
polygon, tell whether it is convex or concave. (p. 42) 


EXTRA PRACTICE for Lesson 2.2, p. 898 @ ONLINE QUIZ at classzone.com 85 
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Investigating ACTIVITY ccc tetore tesson 2.3 


Logic Puzzles 


MATERIALS - graph paper - pencils 


« 


U 


Using the clues below, you can determine an important mathematical 
contribution and interesting fact about each of five mathematicians. 


Copy the chart onto your graph paper. Use the chart to keep track of the 
information given in Clues 1-7. Place an X in a box to indicate a definite 
“no.” Place an O in a box to indicate a definite “yes.” 


Clue? Pythagoras had his contribution 
named after him. He was known to avoid 
eating beans. 


Clue2 Albert Einstein considered 
Emmy Noether to be one of the greatest 
mathematicians and used her work to 
show the theory of relativity. 


Clue 3 Anaxagoras was the first to 
theorize that the moon’s light is actually 
the sun’s light being reflected. 

Clue 4 Julio Rey Pastor wrote a book at 
age 17. 

Clue 5 The mathematician who is fluent 
in Latin contributed to the study of 
differential calculus. 


Maria Agnesi 
Anaxagoras 
Emmy Noether 
Julio Rey Pastor 
Pythagoras 

Did not eat beans 
Studied moonlight 


Clue 6 The mathematician who did work 
with n-dimensional geometry was not the 
piano player. 

Clue 7 The person who first used 
perspective drawing to make scenery for 
plays was not Maria Agnesi or Julio 

Rey Pastor. 


x 


Wrote a math book at 17 
Fluent in Latin 
Played piano 


1. Write Clue 4 as a conditional statement in if-then form. Then write the 
contrapositive of the statement. Explain why the contrapositive of this 
statement is a helpful clue. 


2. Explain how you can use Clue 6 to figure out who played the piano. 


3. Explain how you can use Clue 7 to figure out who worked with 
perspective drawing. 


Chapter 2 Reasoning and Proof 


Apply Deductive 
Reasoning 


You used inductive reasoning to form a conjecture. 


You will use deductive reasoning to form a logical argument. 


So you can reach logical conclusions about locations, as in Ex. 18. 


Key Vocabulary Deductive reasoning uses facts, definitions, accepted properties, and the 
e deductive laws of logic to form a logical argument. This is different from inductive 
reasoning reasoning, which uses specific examples and patterns to form a conjecture. 


KEY CONCEPT For Your Notebook 


Laws of Logic 


; The Law of Detachment }: Tf the hypothesis of a true conditional statement is true, then the conclusion 
: is also called a direct ie alea trie 


? argument. The Lawof == 
: Syllogism is sometimes 4: Law of Syllogism 
? called the chain rule. 4 


: READ VOCABULARY {: Law of Detachment 


If hypothesis p, then conclusion q. 
If hypothesis g, then conclusion r. 


If hypothesis p, then conclusion r. «<—then this statement is true. 


alt these statements are true, 


(EXAMPLE 1 } Use the Law of Detachment 


Use the Law of Detachment to make a valid conclusion in the true situation. 


a. If two segments have the same length, then they are congruent. You 
know that BC = XY. 


b. Mary goes to the movies every Friday and Saturday night. Today is Friday. 


Solution 


a. Because BC = XY satisfies the hypothesis of a true conditional statement, 
the conclusion is also true. So, BC = XY. 

b. First, identify the hypothesis and the conclusion of the first statement. 
The hypothesis is “If it is Friday or Saturday night,” and the conclusion is 
“then Mary goes to the movies.” 


“Today is Friday” satisfies the hypothesis of the conditional statement, so 
you can conclude that Mary will go to the movies tonight. 


2.3 Apply Deductive Reasoning 
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( EXAMPLE 2 ] Use the Law of Syllogism 


If possible, use the Law of Syllogism to write a new conditional statement 
that follows from the pair of true statements. 


a. If Rick takes chemistry this year, then Jesse will be Rick’s lab partner. 
If Jesse is Rick’s lab partner, then Rick will get an A in chemistry. 

b. If x? > 25, then x? > 20. 
Ifx>5, then x? > 25. 


c. Ifa polygon is regular, then all angles in the interior of the polygon 
are congruent. 


If a polygon is regular, then all of its sides are congruent. 


Solution 


a. The conclusion of the first statement is the hypothesis of the second 
statement, so you can write the following new statement. 


If Rick takes chemistry this year, then Rick will get an A in chemistry. 


$d eee » b. Notice that the conclusion of the second statement is the hypothesis 


: Me order in wale ne of the first statement, so you can write the following new statement. 
: statements are given 


: does not affect whether Ifx>5, then x? > 20. 
Syllogea. the baweor c. Neither statement’s conclusion is the same as the other statement’s 


hypothesis. You cannot use the Law of Syllogism to write a new 
conditional statement. 


vo GUIDED PRACTICE for Examples 1 and 2 


1. If90°<mZR< 180°, then Z Ris obtuse. The measure ~—~ _ 
of 7 Ris 155°. Using the Law of Detachment, what 


R 
statement can you make? 


2. If Jenelle gets a job, then she can afford a car. If Jenelle can afford a car, 
then she will drive to school. Using the Law of Syllogism, what statement 
can you make? 


State the law of logic that is illustrated. 


3. If you get an A or better on your math test, then you can go to the movies. 
If you go to the movies, then you can watch your favorite actor. 


If you get an A or better on your math test, then you can watch your 
favorite actor. 


4. Ifx>12, then x + 9> 20. The value of x is 14. 
Therefore, x + 9 > 20. 


ANALYZING REASONING In Geometry, you will frequently use inductive 
reasoning to make conjectures. You will also be using deductive reasoning 
to show that conjectures are true or false. You will need to know which 
type of reasoning is being used. 
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( EXAMPLE 3 ) Use inductive and deductive reasoning 


@ ALGEBRA What conclusion can you make about the product of an 
even integer and any other integer? 


Solution 


STEP 7 Look for a pattern in several examples. Use inductive reasoning to 
make a conjecture. 


(—2)(2) = —4, (-1)(2) = —2, 2(2) = 4, 3(2) = 6, 
(—2)(—4) = 8, (-l)(—4) = 4, 2(—4) = —8, 3(-4) = -12 
Conjecture Even integer + Any integer = Even integer 


STEP 2 Letnand meach be any integer. Use deductive reasoning to show 
the conjecture is true. 


2n is an even integer because any integer multiplied by 2 is even. 
2nm represents the product of an even integer and any integer m. 


2nm is the product of 2 and an integer nm. So, 2nm is an even 
integer. 


> The product of an even integer and any integer is an even integer. 


( EXAMPLE 4 ] Reasoning from a graph 


Tell whether the statement is the result of 
inductive reasoning or deductive reasoning. 
Explain your choice. 


Strokes Used to Surface 


a. The northern elephant seal requires more 
strokes to surface the deeper it dives. 


b. The northern elephant seal uses more 
strokes to surface from 60 feet than 
from 250 feet. 


Number of strokes 


100 200 300 400 500 
Maximum depth (m) 


Solution 


a. Inductive reasoning, because it 
is based on a pattern in the data 


b. Deductive reasoning, because 
you are comparing values that 
are given on the graph 


vo GUIDED PRACTICE for Examples 3 and 4 


5. Use inductive reasoning to make a conjecture about the sum of a number 
and itself. Then use deductive reasoning to show the conjecture is true. 


6. Use inductive reasoning to write another statement about the graph in 
Example 4. Then use deductive reasoning to write another statement. 


2.3 Apply Deductive Reasoning 
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2.3 EXERCISES (“ii O-nonercursourens 
e KE Y: on p. WS1 for Exs. 7, 17, and 21 

:  e = STANDARDIZED TEST PRACTICE 
Exs. 2, 3, 12, 20, and 23 


SKILL PRACTICE 


1. VOCABULARY Copy and complete: If the hypothesis of a true if-then 
statement is true, then the conclusion is also true by the Law of _?_. 


* WRITING Use deductive reasoning to make a statement about the picture. 


; EXAMPLE1 | LAW OF DETACHMENT Make a valid conclusion in the situation. 


: on p. 87 


De a6 4. If the measure of an angle is 90°, then it is a right angle. The measure of 


ZA is 90°. 
5. Ifx> 12, then —x < —12. The value of x is 15. 


6. Ifa book is a biography, then it is nonfiction. You are reading a biography. 


; EXAMPLE2 | LAW OFSYLLOGISM In Exercises 7-10, write the statement that follows from 


: on p. 88 the pair of statements that are given. 


? for Exs. 7-10 
pee If a rectangle has four equal side lengths, then it is a square. If a polygon 


is a square, then it is a regular polygon. 

8. Ify>0, then 2y> 0. If 2y>0, then 2y — 5 # —5. 

9. If you play the clarinet, then you play a woodwind instrument. If you play 
a woodwind instrument, then you are a musician. 


10. Ifa = 3, then 5a = 15. If 5a = re then a = 3. 


: EXAMPLE 3 11. REASONING What can you say about the sum of an even integer and an 


: on p. 89 even integer? Use inductive reasoning to form a conjecture. Then use 
: for Ex. 11 deductive reasoning to show that the conjecture is true. 


12. * MULTIPLE CHOICE If two angles are vertical angles, then they have the 
same measure. You know that 7A and 2 B are vertical angles. Using the 
Law of Detachment, which conclusion could you make? 


@ mZA>mZzB mZA=mZB 
QD mZA+mzZB= 90° @M mZA+ mZB = 180° 
13. ERROR ANALYSIS Describe and correct the error in the argument: “If two 


angles are a linear pair, then they are supplementary. Angles Cand D are 
supplementary, so the angles are a linear pair.” 
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14, G9 ALGEBRA Use the segments in the coordinate plane. 


a. Use the distance formula to show that the 
segments are congruent. 


b. Make a conjecture about some segments in 
the coordinate plane that are congruent to 
the given segments. Test your conjecture, 
and explain your reasoning. 


c. Let one endpoint of a segment be (x, y). Use 
algebra to show that segments drawn using 
your conjecture will always be congruent. 


d. A student states that the segments described 
below will each be congruent to the ones 
shown above. Determine whether the 
student is correct. Explain your reasoning. 


MN, with endpoints M(3, 5) and N(5, 2) 
PQ, with endpoints P(1, —1) and Q(4, —3) 
RS, with endpoints R(—2, 2) and S(1, 4) 


15. CHALLENGE Make a conjecture about whether the Law of Syllogism 
works when used with the contrapositives of a pair of statements. 
Use this pair of statements to justify your conjecture. 


If a creature is a wombat, then it is a marsupial. 


If a creature is a marsupial, then it has a pouch. 


PROBLEM SOLVING 
: EXAMPLES USING THE LAWS OF LOGIC In Exercises 16 and 17, what conclusions can 
: land2 you make using the true statement? 
Lae cae 7 16. CAR COSTS If you save $2000, then you can buy a car. You have 


saved $1200. 
39% ss Se.) 
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PROFIT The bakery makes a profit if its revenue is greater than 
its costs. You will get a raise if the bakery makes a profit. 
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USING DEDUCTIVE REASONING Select the 
word(s) that make(s) the conclusion true. 


18. Mesa Verde National Park is in Colorado. 
Simone vacationed in Colorado. So, 
Simone (must have, may have, or never) 
visited Mesa Verde National Park. 


19. The cliff dwellings in Mesa Verde 
National Park are accessible to visitors 
only when accompanied by a park 
ranger. Billy is at a cliff dwelling in 
Mesa Verde National Park. So, Billy 
(is, may be, is not) with a park ranger. 
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: EXAMPLE 4 


ders seuuseasaws 
: for Ex. 20 
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20. * EXTENDED RESPONSE Geologists use the Mohs scale to determine a 
mineral’s hardness. Using the scale, a mineral with a higher rating will 
leave a scratch on a mineral with a lower rating. Geologists use scratch 
tests to help = an unknown mineral. 


Talc Gypsum Calcite Fluorite 


Mohs 
crating =f 
a. Use the table to write three if-then statements such as “If talc is 
scratched against gypsum, then a scratch mark is left on the talc.” 


b. You must identify four minerals labeled A, B, C, and D. You know 
that the minerals are the ones shown in the table. The results 
of your scratch tests are shown below. What can you conclude? 
Explain your reasoning. 


Mineral A is scratched by Mineral B. 
Mineral C is scratched by all three of the other minerals. 


c. What additional test(s) can you use to identify all the minerals in 
part (b)? 


REASONING In Exercises 21 and 22, decide whether inductive or deductive 
reasoning is used to reach the conclusion. Explain your reasoning. 


The rule at your school is that you must attend all of your classes in order 
to participate in sports after school. You played in a soccer game after 
school on Monday. Therefore, you went to all of your classes on Monday. 


22. For the past 5 years, your neighbor goes on vacation every July 4th and 
asks you to feed her hamster. You conclude that you will be asked to feed 
her hamster on the next July 4th. 


23. *& SHORT RESPONSE Let an even integer be 2n and an odd integer be 
2n + 1. Explain why the sum of an even integer and an odd integer is an 
odd integer. 


24. LITERATURE George Herbert wrote a 
poem, Jacula Prudentum, that includes 
the statements shown. Use the Law of 
Syllogism to write a new conditional 
statement. Explain your reasoning. 


For want of a nail the 
for want of a shoe the 
for want of a horse th 


Shoe is lost, 
horse is lost, 
€ rider is lost. 


REASONING In Exercises 25-28, use the true statements below to determine 
whether you know the conclusion is true or false. Explain your reasoning. 


If Arlo goes to the baseball game, then he will buy a hot dog. 


If the baseball game is not sold out, then Arlo and Mia will 
go to the game. 


If Mia goes to the baseball game, then she will buy popcorn. 
The baseball game is not sold out. 


25. Arlo bought a hot dog. 26. Arlo and Mia went to the game. 
27. Mia bought a hot dog. 28. Arlo had some of Mia’s popcorn. 
= WORKED-OUT SOLUTIONS %* = STANDARDIZED 


on p. WS1 TEST PRACTICE 


29. CHALLENGE Use these statements to answer parts (a)—(c). 
Adam says Bob lies. 
Bob says Charlie lies. 
Charlie says Adam and Bob both lie. 


a. If Adam is telling the truth, then Bob is lying. What can you conclude 
about Charlie’s statement? 


b. Assume Adam is telling the truth. Explain how this leads to a contradiction. 
c. Who is telling the truth? Who is lying? How do you know? 


MIXED REVIEW 


; PREVIEW In Exercises 30-33, use the diagram. (p. 2) 
: Prepare for 


ian ene es 30. Name two lines. wee 

: in Exs. 30-33. 31. Name four rays. 

32. Name three collinear points. F 

33. Name four coplanar points. 

Plot the given points in a coordinate plane. Then determine whether AB and 

CD are congruent. (p. 9) 

34. Ad, 4), B(5, 4), C(3, —4), DGB, 0) 35. A(-l, 0), B(-1, =5); C(, 2), D(=5,; 2) 


Rewrite the conditional statement in if-then form. (p. 79) 
36. When x = —2, x* = 4. 
37. The measure of an acute angle is less than 90°. 


38. Only people who are members can access the website. 


_——— ——————————ee 
QUIZ for Lessons 2.1-2.3 


Show the conjecture is false by finding a counterexample. (p. 72) 


1. If the product of two numbers is positive, then the two numbers 
must be negative. 


2. The sum of two numbers is always greater than the larger number. 
In Exercises 3 and 4, write the if-then form and the contrapositive of 
the statement. (p. 79) 

3. Points that lie on the same line are called collinear points. 


4. 2x — 8 = 2, because x = 5. 


5. Make a valid conclusion about the following statements: 
If it is above 90°F outside, then I will wear shorts. It is 98°F. (p. 87) 


6. Explain why a number that is divisible by a multiple of 3 is also 
divisible by 3. (p. 87) 
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Use after lesson 2.3 


Key Vocabulary 
¢ truth value 
¢ truth table 


Symbolic Notation and 
Truth Tables 


L_ Use symbolic notation to represent logical statements. 


Conditional statements can be written using symbolic notation, where letters 
are used to represent statements. An arrow (->), read “implies,” connects the 
hypothesis and conclusion. To write the negation of a statement p you write 
the symbol for negation (~) before the letter. So, “not p” is written ~p. 


KEY CONCEPT For Your Notebook 


Symbolic Notation 


Let p be “the angle is a right angle” and let g be “the measure of the 
angle is 90°.” 


Conditional If p, then q. p-4q 

Example: If an angle is a right angle, then its measure is 90°. 

Converse If q, then p. q->p 

Example: If the measure of an angle is 90°, then the angle is a right angle. 
Inverse If not p, then not g. ~pro~q 


Example: If an angle is not a right angle, then its measure is not 90°. 


Contrapositive If not g, then not p. ~q>~p 
If the measure of an angle is not 90°, then the angle is not a right angle. 
Biconditional pif and only ifq poq 


Example: An angle is a right angle if and only if its measure is 90°. 


(EXAMPLE 1 ] Use symbolic notation 


Let p be “the car is running” and let q be “the key is in the ignition.” 
a. Write the conditional statement p > g in words. 
b. Write the converse q > p in words. 
c. Write the inverse ~p > ~q in words. 
d. Write the contrapositive ~g — ~p in words. 
Solution 
a. Conditional: If the car is running, then the key is in the ignition. 
b. Converse: If the key is in the ignition, then the car is running. 
c. Inverse: If the car is not running, then the key is not in the ignition. 


d. Contrapositive: If the key is not in the ignition, then the car is not running. 
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: READ TRUTH 

: TABLES 

: A conditional statement 
: and its contrapositive 

? are equivalent statements 
: because they have 

: the same truth table. 

: The same is true of 

: the converse and the 

: inverse. 


TRUTH TABLES The truth value of a statement is either Conditional 
true (T) or false (F). You can determine the conditions 
under which a conditional statement is true by using PP qssp-q 
a truth table. The truth table at the right shows the 

: j I T T 
truth values for hypothesis p and conclusion q. The ae 
conditional p — q is only false when a true hypothesis T F F 
produces a false conclusion. F | 1 t 

FOF T 


( EXAMPLE 2 } Make a truth table 


Use the truth table above to make truth tables for the converse, inverse, and 
contrapositive of a conditional statement p > q. 


Solution 

Converse | Inverse | Contrapositive 
ie EL ee EA eee Ee Ee De ee’ | i ee ee 22 ee ee 
T|T iT THT F F T T| T F F T 
| T F T TRF | F T T | T|F] T F F 
Him: FTL TILE F ti Giese; T 
Bak: ewe] t iit T feed tt T 


P 


RACTICE 


: EXAMPLE1 _—1. WRITING Describe how to use symbolic notation to represent the 
: on p. 94 contrapositive of a conditional statement. 
: for Exs. 1-6 
WRITING STATEMENTS Use p and gq to write the symbolic statement 
in words. 
p: Polygon ABCDE is equiangular and equilateral. 
q: Polygon ABCDE is a regular polygon. 
2poqd 3. ~p 4. ~q->~p 5. pDOqd 
6. LAW OF SYLLOGISM Use the statements p, g, and r below to write a series 
of conditionals that would satisfy the Law of Syllogism. How could you 
write your reasoning using symbolic notation? 
pPit%+35=12 q:x=7 r: 3x = 21 
: EXAMPLE2 7. WRITING Is the truth value of a statement always true (T)? Explain. 
: on p. 95 
> for Exs. 7-8 8. TRUTH TABLE Use the statement “If an animal is a poodle, then it is a dog.” 


a. Identify the hypothesis p and the conclusion q in the conditional. 


b. Make a truth table for the converse. Explain what each row in the 


table means in terms of the original statement. 
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Key Vocabulary 

¢ line perpendicular 
to a plane 

* postulate, p. 8 


96 


Use Postulates 
and Diagrams 


You used postulates involving angle and segment measures. 
You will use postulates involving points, lines, and planes. 


So you can draw the layout of a neighborhood, as in Ex. 39. 


In geometry, rules that are accepted without proof are called postulates or 

axioms. Rules that are proved are called theorems. Postulates and theorems 
are often written in conditional form. Unlike the converse of a definition, the 
converse of a postulate or theorem cannot be assumed to be true. 


You learned four postulates in Chapter 1. 


POSTULATE 1 Ruler Postulate page 9 

POSTULATE 2 Segment Addition Postulate page 10 
POSTULATE 3. Protractor Postulate page 24 
POSTULATE 4 Angle Addition Postulate page 25 


Here are seven new postulates involving points, lines, and planes. 


POSTULATES 


For Your Notebook 


POSTULATE 5 
POSTULATE 6 


* POSTULATE 7 


POSTULATE 8 


POSTULATE 9 


> POSTULATE 10 


>; POSTULATE 11 


Point, Line, and Plane Postulates 


Through any two points there exists exactly one line. 
Aline contains at least two points. 


If two lines intersect, then their intersection is exactly 
one point. 


Through any three noncollinear points there exists 
exactly one plane. 


A plane contains at least three noncollinear points. 


If two points lie in a plane, then the line containing 
them lies in the plane. 


If two planes intersect, then their intersection is a line. 


ALGEBRA CONNECTION You have been using many of Postulates 5-11 in 


previous courses. 


One way to graph a linear equation is to plot two points whose coordinates 
satisfy the equation and then connect them with a line. Postulate 5 
guarantees that there is exactly one such line. A familiar way to finda 
common solution of two linear equations is to graph the lines and find the 
coordinates of their intersection. This process is guaranteed to work by 


Postulate 7. 
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( EXAMPLE 1 ] Identify a postulate illustrated by a diagram 


State the postulate illustrated by the diagram. 


Pa >a “hy then 


Solution 


a. Postulate 7 If two lines intersect, then their intersection is exactly 
one point. 


b. Postulate 11 If two planes intersect, then their intersection is a line. 


( EXAMPLE 2 ] Identify postulates from a diagram 


Use the diagram to write examples of Postulates 9 and 10. 


Postulate 9 Plane P contains at least 
three noncollinear points, A, B, and C. 


Postulate 10 Point A and point B lie in 
plane P, so line n containing A and B 
also lies in plane P. 
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4 GUIDED PRACTICE for Examples 1 and 2 


1. Use the diagram in Example 2. Which postulate allows you to say that 
the intersection of plane P and plane Q is a line? 


2. Use the diagram in Example 2 to write examples of Postulates 5, 6, and 7. 


CONCEPT SUMMARY For Your Notebook 

Interpreting a Diagram 

When you interpret a diagram, you can only assume information 

about size or measure if it is marked. Ly” 
= YOU CAN ASSUME YOU CANNOT ASSUME Ln a ee 

All points shown are coplanar. G, F, and E are collinear. 

ZAHB and ZBHD are a linear pair. BF and CE intersect. 

ZAHF and ZBHD are vertical angles. BF and CE do not intersect. 

A, H, J, and D are collinear. ZBHA = ZCJA 

—S> —_ —_— —_a 

AD and BF intersect at H. AD | BF or mZAHB = 90° 
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( EXAMPLE 3 } Use given information to sketch a diagram 


Sketch a diagram showing 7V intersecting PQ at point W, so that TW = WV. 


Solution 
: AVOIDERRORS __ STEP 1 Draw TV and label points T and V. P 
: Notice that the picture . weyi ire a V 
S wasidrawn so thar Ww STEP 2 Draw point Wat the midpoint of TV. W , 


: does not look like a Mark the congruent segments. T 


: midpoint of PQ. Also, it STEP 3 Draw PQ through W. 
: was drawn so that PQ is 
: not perpendicular to TV. 


PERPENDICULAR FIGURES A line is aline 
perpendicular to a plane if and only if the 
line intersects the plane in a point and is 
perpendicular to every line in the plane that 
intersects it at that point. 


In a diagram, a line perpendicular to a plane 
must be marked with a right angle symbol. 


( EXAMPLE 4 ] Interpret a diagram in three dimensions 


Which of the following statements cannot be 
assumed from the diagram? 


A, B, and F are collinear. 

E, B, and D are collinear. 
AB | plane S 

CD 1 plane T 

<7 . <> . 

AF intersects BC at point B. 


Solution 


No drawn line connects E£, B, and D, so you cannot assume they are collinear. 
With no right angle marked, you cannot assume CD L plane T. 


vo GUIDED PRACTICE for Examples 3 and 4 
In Exercises 3 and 4, refer back to Example 3. 


3. If the given information stated PW and QW are congruent, how would 
you indicate that in the diagram? 


4. Name a pair of supplementary angles in the diagram. Explain. 


5. In the diagram for Example 4, can you assume plane S intersects 
— 
plane T at BC? 


rd — 
6. Explain how you know that AB 1 BC in Example 4. 
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EXERCI SES HOMEWORK: (.) = WORKED-OUT SOLUTIONS 
2.4 KEY: on p. WS1 for Exs. 7, 13, and 31 


%& = STANDARDIZED TEST PRACTICE 
Exs. 2, 10, 24, 25, 33, 39, and 41 


SKILL PRACTICE 


; EXAMPLE 1 


rey sabe scecite 
: for Exs. 3-5 


: EXAMPLE 2 


FORO Rene eee eneeeeee 


: on p. 97 
: for Exs. 6-8 


: EXAMPLES 


H for Exs. 9-10 


1. VOCABULARY Copy and complete: A_?_ is a line that intersects the 
plane in a point and is perpendicular to every line in the plane that 
intersects it. 


2. *& WRITING Explain why you cannot assume 4 BHA = 2 CJA in the 
Concept Summary on page 97. 


IDENTIFYING POSTULATES State the postulate illustrated by the diagram. 


08 mp Na LF ey or 


5. CONDITIONAL STATEMENTS Postulate 8 states that through any three 
noncollinear points there exists exactly one plane. 


a. Rewrite Postulate 8 in if-then form. 
b. Write the converse, inverse, and contrapositive of Postulate 8. 
c. Which statements in part (b) are true? 


USING A DIAGRAM Use the diagram to write an example of each postulate. 
6. Postulate 6 

(7,)Postulate 7 ho 
8. Postulate 8 eS 


9. SKETCHING Sketch a diagram showing xy intersecting WV at point T, 


so XY L WV. In your diagram, does WT have to be congruent to TV? 
Explain your reasoning. 


10. * MULTIPLE CHOICE Which of the following statements 
cannot be assumed from the diagram? 


® Points A, B, C, and E are coplanar. 
Points F, B, and Gare collinear. 
© HC. GE 

@®D EC intersects plane M at point C. 


ANALYZING STATEMENTS Decide whether the statement 
is true or false. If it is false, give a real-world counterexample. 


11. Through any three points, there exists exactly one line. 
12. A point can be in more than one plane. 


(i) Any two planes intersect. 
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USING A DIAGRAM Use the diagram to determine if the statement is 
true or false. 


14, 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


24. 


25. 


26. 


27. 


28. 


29. 
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Planes W and X intersect at KZ. 
Points Q, J, and M are collinear. 
Points K, L, M, and R are coplanar. 
—_ — 

MN and RP intersect. 

<>’ 

RP 1 plane W 

JK lies in plane X. 

ZPLKis aright angle. 

ZNKLand ZJKM are vertical angles. 


ZNKJ and ZJKM are supplementary angles. 
ZJKM and 4 KLP are congruent angles. 


%& MULTIPLE CHOICE Choose the diagram showing LN, AB, and DC 
—_—- — — <—> 
intersecting at point M, AB bisecting LN, and DC L LN. 


%* OPEN-ENDED MATH Sketch a diagram of a real-world object 
illustrating three of the postulates about points, lines, and planes. 
List the postulates used. 


ERROR ANALYSIS A student made the false ; 
statement shown. Change the statement in Three eee ae always DA 
two different ways to make it true. contained in a line. 


REASONING Use Postulates 5 and 9 to explain why every plane contains 
at least one line. 


REASONING Point X lies in plane M. Use Postulates 6 and 9 to explain 
why there are at least two lines in plane M that contain point X. 


CHALLENGE Sketch a line m and a point C not on line m. Make a 
conjecture about how many planes can be drawn so that line m and 
point Clie in the plane. Use postulates to justify your conjecture. 


WORKED-OUT SOLUTIONS %* = STANDARDIZED 
on p. WS1 TEST PRACTICE 


PROBLEM SOLVING 


REAL-WORLD SITUATIONS Which postulate is suggested by the photo? 


33. *& SHORT RESPONSE Give a real-world example of Postulate 6, which 
states that a line contains at least two points. 
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34. DRAW A DIAGRAM Sketch two lines that intersect, and another line 
that does not intersect either one. 


Sere 2 
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USING A DIAGRAM Use the pyramid to write 
examples of the postulate indicated. 


35. Postulate 5 
36. Postulate 7 
37. Postulate 9 
38. Postulate 10 


39. * EXTENDED RESPONSE A friend e-mailed you the following statements 
about a neighborhood. Use the statements to complete parts (a)-(e). 


Subject | Neighborhood 


Building B is due west of Building A. 


Buildings A and B are on Street 1. 
Building D is due north of Building A. 0 
Buildings A and D are on Street 2. 


Building C is southwest of Building A. 
Buildings A and C are on Street 3. 

Building E is due east of Building B. 

ZCAE formed by Streets 1 and 3 is obtuse. 


a. Draw a diagram of the neighborhood. f 

b. Where do Streets 1 and 2 intersect? 

c. Classify the angle formed by Streets 1 and 2. W E 
d. Is Building E between Buildings A and B? Explain. 

e. What street is Building E on? S 
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40. MULTI-STEP PROBLEM Copy the figure and label the following points, 
lines, and planes appropriately. 


a. Label the horizontal plane as X and the vertical plane as Y. 


b. Draw two points A and B on your diagram so they 
lie in plane Y, but not in plane xX. 

c. Illustrate Postulate 5 on your diagram. 

d. If point C lies in both plane X and plane Y, where would 
it lie? Draw point C on your diagram. 


e. Illustrate Postulate 9 for plane X on your diagram. 


41. * SHORT RESPONSE Points E£, F, and Gall lie in plane P and in 
plane Q. What must be true about points E, F, and Gif Pand Q are 
different planes? What must be true about points E, F, and G to force P 
and Q to be the same plane? Make sketches to support your answers. 


DRAWING DIAGRAMS AC and DB intersect at point E. Draw one diagram 
that meets the additional condition(s) and another diagram that does not. 
42. ZAED and ZAEB are right angles. 
43. Point Eis the midpoint of AC. 
—> = . —>Q —= 7 
44, EA and EC are opposite rays. EB and ED are not opposite rays. 
45. CHALLENGE Suppose none of the four legs of a chair are the same length. 
What is the maximum number of planes determined by the lower ends 
of the legs? Suppose exactly three of the legs of a second chair have the 


same length. What is the maximum number of planes determined by the 
lower ends of the legs of the second chair? Explain your reasoning. 


ooo 
MIXED REVIEW 


; PREVIEW Draw an example of the type of angle described. (p. 9) 
oe 46. Find MP. 47. Find AC. 48. Find RS. 
: Lesson 2.5 
: in Exs. 46-48. o—________-e_e e—____«—________@ | 26 | 
M 18 N 9 P A 16 B 16 C 
, — 2 
R S$ 8 T 
Line / bisects the segment. Find the indicated length. (p. 15) 
49. Find JK. 50. Find XZ. 51. Find BC. 
£ 
2x—-—3 x+10 


Draw an example of the type of angle described. (p. 24) 
52. Right angle 53. Acute angle 54. Obtuse angle 55. Straight angle 


56. Two angles form a linear pair. The measure of one angle is 9 times the 
measure of the other angle. Find the measure of each angle. (p. 35) 
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Lessons 2.1-2.4 


1. MULTI-STEP PROBLEM The table below 3. GRIDDED ANSWER Write the next number in 
shows the time of the sunrise on different the pattern. 
days in Galveston, Texas. 1, 2,5, 10, 17, 26,... 


2006 (Central Standard Time) 


Datein Tine of sunelse . EXTENDED RESPONSE The graph shows 
concession sales at six high school football 
Jan. 1 7:14 A.M. games. Tell whether each statement is the 


result of inductive reasoning or deductive 


le. ae reasoning. Explain your thinking. 


Mar. 1 6:45 A.M. 


Concession Sales at Games 
ae = Oa 


May 1 5:37 A.M. 


June 1 5:20 A.M. 


July 1 5:23 A.M. 


Sales (dollasr) 


Aug. 1 5:40 A.M. 


300 400 500 600 
. Describe the pattern, if any, in the times Number of students 
shown in the table. 


. Use the times in the table to make a . If 500 students attend a football game, the 
reasonable prediction about the time of high school can expect concession sales to 
the sunrise on September 1, 2006. reach $300. 

. Concession sales were highest at the game 
2. SHORT RESPONSE As shown in the table attended by 550 students. 
below, hurricanes are categorized by the 
speed of the wind in the storm. Use the table 
to determine whether the statement is true or 
false. If false, provide a counterexample. 


. The average number of students who 
come to a game is about 300. 


. SHORT RESPONSE Select the phrase that 
makes the conclusion true. Explain your 


Hurricane Wind speed w : 
reasoning. 


category (mi/h) 
a. A person needs a library card to check out 

1 7Asws95 | books at the public library. You checked 
96<w<110 out a book at the public library. You (must 

have, may have, or do not have) a library 


111 <ws< 130 — 


131 <ws 155 . The islands of Hawaii are volcanoes. Bob 
w>155 has never been to the Hawaiian Islands. 
Bob (has visited, may have visited, or has 


a. A hurricane is a category 5 hurricane if never visited) volcanoes. 


and only if its wind speed is greater than 


155 miles per hour. . SHORT RESPONSE Sketch a diagram 


showing PO intersecting RS at point N. In 
your diagram, 7 PNS should be an obtuse 
angle. Identify two acute angles in your 
diagram. Explain how you know that these 
angles are acute. 


b. A hurricane is a category 3 hurricane if 
and only if its wind speed is less than 130 
miles per hour. 
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aun BCTIVATY vce tetore Lesson 2.5 


2.5 Justify a Number Trick 


MATERIALS = paper ° pencil 


How can you use algebra to justify a number trick? 


Number tricks can allow you to guess the result of a series of calculations. 


( Expiore } Play the number trick 


STEP 7| Pick a number Follow the directions below. 


a. Pick any number between 11 and 98 
that does not end in a zero. 23 


. Double the number. 23-2 
. Add 4 to your answer. 46+4 
. Multiply your answer by 5. 50°5 
. Add 12 to your answer. 250 + 12 
. Multiply your answer by 10. 262 - 10 
g. Subtract 320 from your answer. 2620 — 320 


h. Cross out the zeros in your answer. 2300 


_—_— 


STEP 2| Repeat the trick Repeat the trick three times using three different 
numbers. What do you notice? 


OTN ee ca ateyon ee Use your observations to complete these exercises 


1. Let x represent the number you chose in the Explore. Write algebraic 
expressions for each step. Remember to use the Order of Operations. 


2. Justify each expression you wrote in Exercise 1. 


3. Another number trick is as follows: 


Pick any number. 

Multiply your number by 2. 

Add 18 to your answer. 

Divide your answer by 2. 

Subtract your original number from your answer. 


What is your answer? Does your answer depend on the number you 
chose? How can you change the trick so your answer is always 15? 
Explain. 


4. REASONING Write your own number trick. 
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Key Vocabulary 

¢ equation, p. 875 

¢ solve an equation, 
p. 875 


Reason Using Properties 
from Algebra 


You used deductive reasoning to form logical arguments. 
You will use algebraic properties in logical arguments too. 


So you can apply a heart rate formula, as in Example 3. 


When you solve an equation, you use properties of real numbers. Segment 
lengths and angle measures are real numbers, so you can also use these 
properties to write logical arguments about geometric figures. 


KEY CONCEPT 


For Your Notebook 


> Algebraic Properties of Equality 


» Leta, b, and c be real numbers. 


> Addition Property 
Subtraction Property 


Multiplication Property 
Division Property 


: Substitution Property 


Ifa=b,thena+c=b++e. 
Ifa=b,thena-—c=b-c. 
If a = b, then ac = be. 


Ifa = band c # 0, then © = 


If a = b, then acan be substituted for b 
in any equation or expression. 


( EXAMPLE 1 } Write reasons for each step 


Solve 2x + 5 = 20 — 3x. Write a reason for each step. 
Equation Explanation Reason 
2x +5 = 20 — 3x Write original Given 
equation. 
2x+5+3x=20-3x+3x Add 3xto each Addition Property 
side. of Equality 
5x + 5 = 20 Combine like Simplify. 
terms. 
5x = 15 Subtract 5 from Subtraction Property 
each side. of Equality 
x=3 Divide each side __ Division Property 
by 5. of Equality 
> The value of x is 3. 


2.5 Reason Using Properties from Algebra 
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KEY CONCEPT For Your Notebook 


Distributive Property 


a(b +c) = ab + ac, where a, b, and c are real numbers. 


( EXAMPLE 2 } Use the Distributive Property 


Solve —4(11x + 2) = 80. Write a reason for each step. 


Solution 
Equation Explanation Reason 


—A(11x + 2) = 80 Write original equation. Given 


—44x-—8=80 Multiply. Distributive Property 
—44x = 88 Add 8 to each side. Addition Property 
of Equality 


x=-2 Divide each side by —44. _ Division Property 
of Equality 
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( EXAMPLE 3 } Use properties in the real world 


HEART RATE When you exercise, your target heart rate should be between 
50% to 70% of your maximum heart rate. Your target heart rate r at 70% can 
be determined by the formula r = 0.70(220 — a) where a represents your age 
in years. Solve the formula for a. 


Solution 
Equation Explanation Reason 
r = 0.70(220 — a) Write original equation. Given 
r=154-0.70a Multiply. Distributive Property 
r— 154 = —0.70a Subtract 154 from each side. Subtraction Property 
of Equality 
r—1b4_ 4 Divide each side by —0.70. Division Property 
—0.70 : 
of Equality 


vo GUIDED PRACTICE for Examples 1, 2, and 3 


In Exercises 1 and 2, solve the equation and write a reason for each step. 


1. 4x+9= —-3x+ 2 2. 14x+ 3(7 -x) =—-1 


3. Solve the formula A = shh for b. 


Chapter 2. Reasoning and Proof 


PROPERTIES The following properties of equality are true for all real 
numbers. Segment lengths and angle measures are real numbers, so these 
properties of equality are true for segment lengths and angle measures. 


KEY CONCEPT 


Reflexive Property of Equality 


Real Numbers 
Segment Length 


Angle Measure 


For any real number a, a = a. 


For any segment AB, AB = AB. 


Symmetric Property of Equality 


Real Numbers 
Segment Length 


Angle Measure 


mMZB=mZA. 


Transitive Property of Equality 


Real Numbers 


b=c,thena=c. 


Segment Length 


and CD = EF, then AB = EF. 


Angle Measure 


For Your Notebook 


For any angle 7A, mZA = mZA. 


For any real numbers a and J, if a = b, then b = a. 
For any segments AB and CD, if AB = CD, then CD = AB. 
For any angles 7A and 2B, ifm2ZA = mZB, then 


For any real numbers a, b, and c, ifa = band 
For any segments AB, CD, and EF, if AB = CD 


For any angles 7A, ZB, and ZC, ifmZA = mZBand 


mZB=mZC,thenmZA= mZC. 


( EXAMPLE 4 } Use properties of equality 


LOGO You are designing a logo to sell 
daffodils. Use the information given. 
Determine whether m2 EBA = mZ DBC. 


Solution 
Equation 
mZ1=mZz3 
mZEBA=mZ3+mZ2 


mZEBA=mZ1+mZ2 


mZ1+m2Z2 = mZDBC 


mZ EBA = mZ DBC 


Explanation 


Marked in diagram. 


Add measures of 
adjacent angles. 


Substitute mZ 1 for 
mZ3. 


Add measures of 
adjacent angles. 


Both measures are 
equal to the sum of 
mZ1+mZ2. 


2.5 Reason Using Properties from Algebra 


Reason 


Given 


Angle Addition Postulate 


Substitution Property 


of Equality 


Angle Addition Postulate 


Transitive Property 
of Equality 
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(EXAMPLE 5 ) Use properties of equality 


In the diagram, AB = CD. Show that AC = BD. Ac | 
o—____»—__________»—___o 
A B C 
. = BD 
Solution 
Equation Explanation Reason 
AB =CD Marked in diagram. Given 
AC = AB + BC Add lengths of Segment Addition 
adjacent segments. Postulate 
BD = BC + CD Add lengths of Segment Addition 
adjacent segments. Postulate 
AB + BC= CD + BC Add BC to each side of — Addition Property 
AB = CD. of Equality 
AC = BD Substitute AC for Substitution Property 
AB + BCand BD for of Equality 
BC + CD. 


vo GUIDED PRACTICE for Examples 4 and5 


Name the property of equality the statement illustrates. 
4. IfmZ6 = mZ7, then mZ7 = mZ6. 
5. If /K = KLand KL = 12, then JK = 12. 
6 mZW= mZW 


EXERCISES 9=——“™"22%) O-rongrauzsquron 
2.5 KEY: on p. WS1 an Exs. 9, 21, and 31 
i w= STANDARDIZED TEST PRACTICE 
Exs. 2,5, 27, and 35 


¢- MULTIPLE REPRESENTATIONS 
Ex. 36 


SKILL PRACTICE 


1. VOCABULARY The following statement is true because of what property? 
The measure of an angle is equal to itself. 


2. %& WRITING Explain how to check the answer to Example 3 on page 106. 


: EXAMPLES WRITING REASONS Copy the logical argument. Write a reason for each step. 


; on pp. 105-106 3. 3x-12=7x+8 Given 4. 5(x- 1) = 4x + 13 Given 
: for Exs. 3-14 —4x-12=8 ? 5x-5=4x+13 ? 
—4x = 20 _?- x-5=13 ae 
x=-5 ? x=18 ? 
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5. %& MULTIPLE CHOICE Name the property of equality the statement 
illustrates: If XY = AB and AB = GH, then XY = GH. 


) Substitution Reflexive © Symmetric @®) Transitive 


WRITING REASONS Solve the equation. Write a reason for each step. 

6. 5x — 10 = —40 7. 4x+9=16- 3x 8. 5(3x — 20) = —10 
(9.)3(2x + 11) =9 10. 2(—x — 5) = 12 Il. 44 — 2(3x + 4) = —18x 
12. 4(5x — 9) = -2(¢ + 7) 13. 2x —15 —x = 21+ 10x 14. 3(7x — 9) — 19x = -15 


: EXAMPLE 3 @) ALGEBRA Solve the equation for y. Write a reason for each step. 


o Penne eee eneeeneeeenees 


: on p. 106 _ 7 _ os 
ProrExs: (5420 | (2 oe 7 2 8 16. —4x + 2y=8 17. 12 — 3y = 30x 
18. 3x + 9y = -7 19. 2y + 0.5x = 16 20. 5x = Sy =-2 


: EXAMPLES COMPLETING STATEMENTS In Exercises 21-25, use the property to copy and 
:4and5 complete the statement. 

: on pp. 107-108 @) ae a _ = 

: for Exs, 21-25 Substitution Property of Equality: If AB = 20, then AB+ CD=_?.. 


22. Symmetric Property of Equality: Ifm2Z1= mZ2,then_?2_. 
23. Addition Property of Equality: If AB = CD, then_? + EF=_?_ + EF. 


24. Distributive Property: If 5(x + 8) = 2,then_2? x«+_? =2. 


25. Transitive Property of Equality: If m2Z1= mZ2 andm2Z2 = m2Z3, 
then _?.. 


26. ERROR ANALYSIS Describe and correct the error in solving the equation 
for x. 


7x =x + 24 Given 
8x = 24 Addition Property of Equality pA 
x=3 Division Property of Equality 


27. *& OPEN-ENDED MATH Write examples from your everyday life that could 
help you remember the Reflexive, Symmetric, and Transitive Properties of 
Equality. 


PERIMETER In Exercises 28 and 29, show that the perimeter of triangle ABC 
is equal to the perimeter of triangle ADC. 


28. A 29. A B 
D C B D C 
30. CHALLENGE In the figure at the right, V, 


ZY = XW, ZX = 5x + 17, YW= 10 — 2x, 
and YX = 3. Find ZY and XW. 
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PROBLEM SOLVING 


: EXAMPLE 3 


: on p. 106 
: for Exs. 31-32 


: EXAMPLE 4 


: for Ex. 35 
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G1) PERIMETER The formula for the perimeter P of a rectangle is P = 20 + 2w 
where £ is the length and w is the width. Solve the formula for £ and write 
a reason for each step. Then find the length of a rectangular lawn whose 
perimeter is 55 meters and whose width is 11 meters. 


iG DH lomeTutor for problem solving help at classzone.com 


32. AREA The formula for the area A of a triangle is A = sbh where b is the 


base and his the height. Solve the formula for 4 and write a reason for 
each step. Then find the height of a triangle whose area is 1768 square 
inches and whose base is 52 inches. 


for problem solving help at classzone.com 


33. PROPERTIES OF EQUALITY Copy and complete F 
the table to show mZ2 = m2Z3. 9/3 
1 4 
E H G 
Equation Explanation Reason 
mZ1=m2Z4,mZEHF = 90°, ? Given 
mZGHF = 90° 
mZEHF = mZGHF ? Substitution Property of Equality 
mZEHF = mZ1+mZ2 Add measures of ? 
mZGHF =mz3+m2Z4 adjacent angles. 
mZ1+mZ2=m23+mZ4 __ Write expressions equal ? 
to the angle measures. 
? Substitute m1 for m2 4. ? 
mZ2 =mzZ3 ? Subtraction Property of Equality 


34, MULTI-STEP PROBLEM Points A, B, C, and D represent stops, in order, 
along a subway route. The distance between Stops A and Cis the same 
as the distance between Stops B and D. 


a. Draw a diagram to represent the situation. 


b. Use the Segment Addition Postulate to show that the distance 
between Stops A and Bis the same as the distance between 
Stops C and D. 


c. Justify part (b) using the Properties of Equality. 


35. *& SHORT RESPONSE A flashlight beam is 
reflected off a mirror lying flat on the ground. 
Use the information given below to find mZ2. 


mZ1+mZ2+mZ3 = 180° 
mZ1+mZ2 = 148° 
mZ1=mZ3 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED = MULTIPLE 
on p. WS1 TEST PRACTICE REPRESENTATIONS 


36. % MULTIPLE REPRESENTATIONS The formula to convert a temperature 
in degrees Fahrenheit (°F) to degrees Celsius (°C) is C = oF — 32). 


a. Writing an Equation Solve the formula for F. Write a reason for each step. 
b. Making a Table Make a table that shows the conversion to 
Fahrenheit for each temperature: 0°C, 20°C, 32°C, and 41°C. 


c. Drawing a Graph Use your table to graph the temperature in degrees 
Celsius (°C) as a function of the temperature in degrees Fahrenheit 
(°F). Is this a linear function? 


CHALLENGE In Exercises 37 and 38, decide whether the relationship is 
reflexive, symmetric, or transitive. 


37. Group: two employees ina 38. Group: negative numbers ona 
grocery store number line 
Relationship: “worked the same Relationship: “is less than” 
hours as” Example: —4 is less than —1. 


Example: Yen worked the same 
hours as Jim. 


————————— 
MIXED REVIEW 


; PREVIEW In the diagram, m2 ADC = 124*. (p. 24) 
BP repate for 39. Find mZADB. 
: Lesson 2.6 


: in Exs. 39-40. 40. Find m2 BDC. 


41. Find a counterexample to show the conjecture is false. 
Conjecture All polygons have five sides. (p. 72) 


42. Select the word(s) that make(s) the conclusion true. If mZX = mZYand 
mZY=mZZ, then mz X (is, may be, or is not) equal to mZ Z. (p. 87) 


QUIZ for Lessons 2.4-2.5 


Use the diagram to determine if the statement is true or false. (p. 96) 


1. Points B, C, and D are coplanar. 
2. Point A is on line £. 


3. Plane P and plane Q are perpendicular. 


Solve the equation. Write a reason for each step. (p. 105) 


4. x + 20 = 35 5. 5x — 14= 16 + 3x 


Use the property to copy and complete the statement. (p. 105) 
6. Subtraction Property of Equality: If AB = CD, then_? — EF=_?_ — EF. 


7. Transitive Property of Equality: Ifa = band b=c,then_?_ =_?.. 
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2 Prove Statements about 
°™ Segments and Angles 
You used deductive reasoning. 


[ Now | You will write proofs using geometric theorems. 
So you can prove angles are congruent, as in EX. 21. 


Key Vocabulary A proof is a logical argument that shows a statement is true. There are several 
* proof formats for proofs. A two-column proof has numbered statements and 
*two-column proof Corresponding reasons that show an argument in a logical order. 

+ theorem In a two-column proof, each statement in the left-hand column is either given 
information or the result of applying a known property or fact to statements 
already made. Each reason in the right-hand column is the explanation for 
the corresponding statement. 

(EXAMPLE 1 ) Write a two-column proof 

: WRITE PROOFS Write a two-column proof for the 


situation in Example 4 on page 107. 


: Writing a two-column 
: proof is a formal way 
: of organizing your 

: reasons to show a 

: statement is true. 


GIVEN » mZ1=mZ3 


STATEMENTS 


1.mZ1=mZ3 

- MZEBA=mZ3+mzZ2 
. MZEBA=mZ1+mZ2 
~mZ1+mZ2=mZDBC 
. MZEBA = mZ DBC 


a fF WwW Dd 


vo GUIDED PRACTICE for Example 1 


PROVE >» m2 EBA = mZ DBC 


REASONS 

1. Given 

2. Angle Addition Postulate 

3. Substitution Property of Equality 
4. Angle Addition Postulate 

5. Transitive Property of Equality 


1. Four steps of a proof are shown. Give the reasons for the last two steps. 
GIVEN » AC = AB + AB 


oe 
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A B C 
PROVE » AB = BC 
STATEMENTS REASONS 
1. AC=AB+ AB 1. Given 
2. AB + BC = AC 2. Segment Addition Postulate 
3. AB+ AB=AB+ BC 3.2 
4. AB = BC 4, 2 


THEOREMS The reasons used in a proof can include definitions, properties, 
postulates, and theorems. A theorem is a statement that can be proven. 
Once you have proven a theorem, you can use the theorem as a reason in 
other proofs. 


THEOREMS For Your Notebook 


: TAKE NOTES ~ THEOREM 2.1 Congruence of Segments 


Reem een eee e eee eenneeeeeeeeeenee 


: Be sure to copy all 
: new theorems in your 4} oe 
: notebook. Notice that }- — Reflexive For any segment AB, AB= AB. 


: the theorem box tells . . —_—— —— 
: you where to find the += Symmetric IfAB=CD, then CD= AB. 


= proof(s). > ‘Transitive § IfAB= CD and CD = EF then AB = EF. 
Proofs: p. 137; Ex. 5, p. 121; Ex. 26, p. 118 


Segment congruence is reflexive, symmetric, and transitive. 


THEOREM 2.2 Congruence of Angles 

Angle congruence is reflexive, symmetric, and transitive. 
Reflexive For any angle A, ZA = ZA. 
Symmetric [If ZA=2ZB,then ZB= ZA. 
Transitive IfZA=ZBandZB=ZC,then ZA= ZC. 


Proofs: Ex. 25, p. 118; Concept Summary, p. 114; Ex. 21, p. 137 


( EXAMPLE 2 } Name the property shown 


Name the property illustrated by the statement. 
a. If ZR= ZTand ZT= ZP, then ZR= ZP. 
b. If NK= BD, then BD = NK. 


Solution 
a. Transitive Property of Angle Congruence 


b. Symmetric Property of Segment Congruence 


v| GUIDED PRACTICE for Example 2 


Name the property illustrated by the statement. 
2. CD=CD 
3. IfZ2Q=ZV, then ZV=2ZQ. 


In this lesson, most of the proofs involve showing that congruence and 
equality are equivalent. You may find that what you are asked to prove seems 
to be obviously true. It is important to practice writing these proofs so that 
you will be prepared to write more complicated proofs in later chapters. 


2.6 Prove Statements about Segments and Angles 


Gi Use properties of equality 


Prove this property of midpoints: If you know that M is the midpoint of AB, 
prove that AB is two times AM and AM is one half of AB. 


: WRITE PROOFS GIVEN > M is the midpoint of AB. rr re 
© Seen e ene eeeeeeeeeeeeaeesseeneees) oe 


: Before writing a proof, PROVE P a. AB=2°-AM 
: organize your reasoning 


: by copying or drawing b. AM =1AB 
: ' 2 
: a diagram for the 
: situation described. 
: Then identify the GIVEN | STATEMENTS REASONS 
: and PROVE statements. 1. Mis the midpoint of AB. 1. Given 
2. AM = MB 2. Definition of midpoint 
3. AM = MB 3. Definition of congruent segments 
4. AM + MB = AB 4. Segment Addition Postulate 
5. AM+ AM = AB 5. Substitution Property of Equality 
a. 6. 2AM = AB 6. Distributive Property 
b. 7. AM = SAB 7. Division Property of Equality 


vo GUIDED PRACTICE for Example 3 


4. WHAT IF? Look back at Example 3. What would be different if you were 
proving that AB = 2 - MB and that MB = SAB instead? 


CONCEPT SUMMARY 


For Your Notebook 


Writing a Two-Column Proof 


In a proof, you make one statement at a time, until you 
reach the conclusion. Because you make statements based 
on facts, you are using deductive reasoning. Usually the first 
statement-and-reason pair you write is given information. 


aS 


Copy or draw diagrams and 
label given information to help 
develop proofs. 


Proof of the Symmetric Property of Angle Congruence 


GIVEN P 41 = 42 
PROVE P 42= 41 


STATEMENTS 
1. ALS Z2 


REASONS 


Statements based 1. Given Definitions, 
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on facts that 

you know or ___y» 
on conclusions 

from deductive 


2.mZ1=mZz2 
3.mZ2=mZ1 
4.Z22=Z1 


reasoning . 
The number of 
statements will vary. 
Chapter 2 Reasoning and Proof 


2. Definition of congruent angles 
3. Symmetric Property of Equality 
4. Definition of congruent angles 


ft 


Remember to give a reason 
for the last statement. 


postulates, or proven 
~<— theorems that 

allow you to state 

the corresponding 

statement 


GEXEEEZD soive a multi-step problem | ee 


: ANOTHER WAY 


: For an alternative 

: method for solving the 
? problem in Example 4, 
? turn to page 120 for 

: the Problem Solving 

; Workshop. 


SHOPPING MALL Walking down a hallway at the mall, you notice the music 
store is halfway between the food court and the shoe store. The shoe store is 
halfway between the music store and the bookstore. Prove that the distance 
between the entrances of the food court and music store is the same as the 
distance between the entrances of the shoe store and bookstore. 


Solution 
STEP 7 Draw and label a diagram. 
food music shoe bookstore 
court store store 


. 2. _._ 
A B C D 


STEP 2 Draw separate diagrams to show mathematical relationships. 


A B C D A B Cc D 


STEP 3 State what is given and what is to be proved for the situation. 
Then write a proof. 
GIVEN > B is the midpoint of AC. 
Cis the midpoint of BD. 
PROVE > AB = CD 


STATEMENTS REASONS 
1. Bis the midpoint of AC. 1. Given 
Cis the midpoint of BD. 
2. AB = BC 2. Definition of midpoint 
3. BC= CD 3. Definition of midpoint 
4. AB= CD 4. Transitive Property of Congruence 
5. AB = CD 5. Definition of congruent segments 


vo GUIDED PRACTICE for Example 4 


5. In Example 4, does it matter what the actual distances are in order to 
prove the relationship between AB and CD? Explain. 


6. In Example 4, there is a clothing store halfway between the music store 
and the shoe store. What other two store entrances are the same distance 
from the entrance of the clothing store? 
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EXERCISES HOMEWORK: () = WORKED-OUT SOLUTIONS 
2.6 KEY : on p. WS1 for Exs. 7, 15, and 21 


%& = STANDARDIZED TEST PRACTICE 


Exs. 2, 4, 12, 19, 27, and 28 


SKILL PRACTICE 


: EXAMPLE 1 


: oa mpamanaane 
: for Exs. 3-4 


: EXAMPLES 


: on pp. 113-114 
> for Exs. 5-13 


1. VOCABULARY What is a theorem? How is it different from a postulate? 


2. %*& WRITING You can use theorems as reasons in a two-column proof. 
What other types of statements can you use as reasons in a two-column 
proof? Give examples. 


3. DEVELOPING PROOF Copy and complete the proof. 


GIVEN > AB = 5, BC=6 
PROVE P AC = 11 A 5 B 6 Cc 


STATEMENTS | REASONS 

1. AB=5, BC=6 | 1. Given 

2. AC = AB + BC 2. Segment Addition Postulate 
3. AC=5+6 3.2 

4. 2. 4. Simplify. 


4. *& MULTIPLE CHOICE Which property listed is the reason for the last step 
in the proof? 
GIVEN ® mZ1 = 59°, mZ2 = 59° 
PROVE P mZ1 = mZ2 


STATEMENTS - __|__ REASONS 

1. mZ1 = 59°, mZ2 = 59° 1. Given 

2. 59° = mZ2 2. Symmetric Property of Equality 
3.mZ1=mZz2 | 3. _2 


() Transitive Property of Equality Reflexive Property of Equality 
© Symmetric Property of Equality |) Distributive Property 


USING PROPERTIES Use the property to copy and complete the statement. 
5. Reflexive Property of Congruence:_?_ = SE 
6. Symmetric Property of Congruence: If_? = _? , then 7RST= ZJKL. 
(7) Transitive Property of Congruence: If 7F= ZJand_? = _? _,then 
LE= ZL, 
NAMING PROPERTIES Name the property illustrated by the statement. 
8. If DG = CT, then CT = DG. 9. ZVWX = ZVWX 
10. If /K = MN and MN = XY, thenJK= XY. 11. YZ=ZY 


12. * MULTIPLE CHOICE Name the property illustrated by the statement 
“If CD = MN, then MN = CD.” 


@® Reflexive Property of Equality Symmetric Property of Equality 


© Symmetric Property of Congruence @) Transitive Property of Congruence 
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eee Zamdcaueie 
: for Exs. 14-15 


13. ERROR ANALYSIS In the diagram below, MN = LQ and LQ = PN. Describe 
and correct the error in the reasoning. 


LL, M 
Because MN = LQ and LQ = PN, 
then MN = PN by the Reflexive 4 
Property of Segment Congruence. 

Q P N 


MAKING A SKETCH In Exercises 14 and 15, sketch a diagram that 
represents the given information. 


14. CRYSTALS The shape of a crystal can be 
represented by intersecting lines and planes. 
Suppose a crystal is cubic, which means it can 
be represented by six planes that intersect at 
right angles. 


(is) BEACH VACATION You are on vacation at the 
beach. Along the boardwalk, the bike rentals are 
halfway between your cottage and the kite shop. 
The snack shop is halfway between your cottage 
and the bike rentals. The arcade is halfway 
between the bike rentals and the kite shop. 


16. DEVELOPING PROOF Copy and complete the proof. R 
GIVEN > RT = 5, RS = 5, RT = TS 
PROVE > RS = TS 


T s 
STATEMENTS | REASONS 
1. RT = 5, RS = 5, RT= TS hee 
2. RS = RT 2. Transitive Property of Equality 
3. RT = TS 3. Definition of congruent segments 
4. RS = TS 4. Transitive Property of Equality 
5. RS = TS 5. _? 


@) ALGEBRA Solve for x using the given information. Explain your steps. 


17. GIVEN > QR = PQ, RS = PQ 18. GIVEN ® mZ ABC = 90° 
P 2 4 
10 — 3x 6x° 
Q 2x+5 R (3x — 9)° 
B C 


19. *& SHORT RESPONSE Explain why writing a proof is an example of 
deductive reasoning, not inductive reasoning. 


20. CHALLENGE Point Pis the midpoint of MN and point Q is the midpoint 
of MP. Suppose AB is congruent to MP, and PN has length x. Write the 
length of the segments in terms of x. Explain. 


a. AB b. MN c. MQ d. NQ 
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PROBLEM SOLVING 


Bae eaeansees 
> for Ex. 22 
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@1) BRIDGE In the bridge in the illustration, it is 


known that 22 = 23 and TV bisects Z UTW. Copy 
and complete the proof to show that 71 = 23. 


STATEMENTS | REASONS 
1. TV bisects ZUTW. 1. Given 
2Z21=22 25.28 
3.22= 23 3. Given 
4.Z1=23 4. 2 


@Hor 


@Ho meTutor for problem solving help at classzone.com 


22. DEVELOPING PROOF Write a complete proof by matching each statement 
with its corresponding reason. 


GIVEN > Qs is an angle bisector of Z PQR. 
PROVE P mZ PQS = 5m PQR 


STATEMENTS REASONS 

1. Qs is an angle bisector of 7 PQR. A. Definition of angle bisector 

2. ZPQS = ZSQR B. Distributive Property 

3. MZ PQS = MZSQR C. Angle Addition Fostulate 

4. MZ PQS + MZSQR = MZ PQR D. Given 

5. MZ PQS + MZ PQS = MZ PQR E. Division Property of Equality 
6. 2+ MZ PQS = MZ PQR F. Definition of congruent angles 
7. mZPQS = 1mZPQR G. Substitution Property of 


Equality 


for problem solving help at classzone.com 


PROOF Use the given information and the diagram to prove the statement. 


23. GIVEN > 2AB = AC 24. GIVEN ® mZ1+™mZ2 = 180° 


PROVE > AB = BC mZ1 = 62° 
PROVE P m2 2 = 118° 


\. 


PROVING PROPERTIES Prove the indicated property of congruence. 


 — 
A B C 


25. Reflexive Property of 26. Transitive Property of 
Angle Congruence Segment Congruence 
GIVEN P Ais an angle. GIVEN > WX = XYand XY= YZ 
PROVE P ZA= ZA PROVE > WX = YZ 
¥ Z 
A WwW Xx 
= WORKED-OUT SOLUTIONS %& = STANDARDIZED 


on p. WS1 TEST PRACTICE 


27. *& SHORT RESPONSE In the sculpture shown, 41 = 22 and 
22 = Z3. Classify the triangle and justify your reasoning. 


28. * SHORT RESPONSE You use a computer drawing program 
to create a line segment. You copy the segment and paste it. 
You copy the pasted segment and then paste it, and so on. 
How do you know all the line segments are congruent? 


; EXAMPLE4 | 29. MULTI-STEP PROBLEM The distance from the restaurant to 

? on p. 115 the shoe store is the same as the distance from the cafe to 

: for Ex. 29 the florist. The distance from the shoe store to the movie 
theater is the same as the distance from the movie theater to 


the cafe, and from the florist to the dry cleaners. 


Restaurant Shoe store Movie theater i Dry cleaners 
Use the steps below to prove that the distance from the restaurant to the 
movie theater is the same as the distance from the cafe to the dry cleaners. 
a. Draw and label a diagram to show the mathematical relationships. 

b. State what is given and what is to be proved for the situation. 
c. Write a two-column proof. 
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30. CHALLENGE The distance from Springfield to Lakewood City is equal to 
the distance from Springfield to Bettsville. Janisburg is 50 miles farther 
from Springfield than Bettsville is. Moon Valley is 50 miles farther from 
Springfield than Lakewood City is. 


a. Assume all five cities lie in a straight line. Draw a diagram that 
represents this situation. 


b. Suppose you do not know that all five cities lie in a straight line. 
Draw a diagram that is different from the one in part (a) to represent 
the situation. 


c. Explain the differences in the two diagrams. 


ooo 
MIXED REVIEW 

: PREVIEW Given mZ 1, find the measure of an angle that is complementary to 7 1 and 

: Prepare for the measure of an angle that is supplementary to 1. (p. 35) 

: Lesson 2.7 =~ _ > HO8 — ego 

} in Exs. 31-33. 31. mZ1 = 47 32. mZ1 = 29 33. mZ1 = 89 


Solve the equation. Write a reason for each step. (p. 105) 


34. 5x + 14= -16 35. 2x —-9=15 — 4x 36. x + 28 = -11 —3x- 17 
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PROBLEM SOLVING |: 
WORKSHOP 


__ LESSON 2.6 _ 


order. 


Using ALTERNATIVE METHODS 


Another Way to Solve Example 4, page 115 


MULTIPLE REPRESENTATIONS The first step in writing any proof is to make a 
plan. A diagram or visual organizer can help you plan your proof. The steps 
of a proof must be in a logical order, but there may be more than one correct 


PROBLEM SHOPPING MALL Walking down a hallway at the mall, you notice the 


music store is halfway between the food court and the shoe store. The 
shoe store is halfway between the music store and the bookstore. Prove 


that the distance between the entrances of the food court and music 
store is the same as the distance between the entrances of the shoe 
store and bookstore. 


METHOD Using a Visual Organizer 


Fand S. 


\ 


Statement to prove 


PROVE > FM = SB 


STATEMENTS 


. Mis halfway between F and S. 
. Sis halfway between M and B. 
. Mis the midpoint of FS. 

. Sis the midpoint of MB. 

. FM = MS and MS = SB 

. MS = MS 

. FM = SB 


NO PWD = 
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STEP 7 Use a visual organizer to map out your proof. 


The music store is halfway between the food court and the shoe store. 
The shoe store is halfway between the music store and the bookstore. 


Giveninformation Mishalfway between Sis halfway between 


Mand B. 


Deductions from Mis the midpoint of Sis the midpoint of 
giveninformation FS. So, FM = MS. MB. So, MS = SB. 


"4 


FM = SB 


STEP 2 Write a proof using the lengths of the segments. 


GIVEN > / is halfway between F and S. 
Sis halfway between M and B. 


REASONS 


. Given 

. Given 

. Definition of midpoint 

. Definition of midpoint 

. Definition of midpoint 

. Reflexive Property of Equality 

. Substitution Property of Equality 


NO fF WD = 


PRACTICE 


1. COMPARE PROOFS Compare the proof on the previous page and the 
proof in Example 4 on page 115. 


a. 


How are the proofs the same? How are they different? 


b. Which proof is easier for you to understand? Explain. 


2. REASONING Belowis a proof of the Transitive Property of Angle 
Congruence. What is another reason you could give for Statement 3? 
Explain. 

GIVEN » ZA= ZBandZB=ZC 
PROVE » ZA= ZC 


STATEMENTS REASONS 
1 ZA=2ZB,ZB=ZC 1. Given 
2,.mZA=mZB,mZB=mZC | 2. Definition of congruent angles 
3.mZA=mMZC 3. Transitive Property of Equality 
4,.ZA=ZC 4. Definition of congruent angles 


3. SHOPPING MALL You are at the same mall as on page 120 and you notice 
that the bookstore is halfway between the shoe store and the toy store. 
Draw a diagram or make a visual organizer, then write a proof to show that 
the distance from the entrances of the food court and music store is the 
same as the distance from the entrances of the book store and toy store. 


4. WINDOW DESIGN The entrance to the mall has a decorative AL) 
window above the main doors as shown. The colored 
dividers form congruent angles. Draw a diagram or make a 
visual organizer, then write a proof to show that the angle 
measure between the red dividers is half the measure of the 
angle between the blue dividers. 


5. COMPARE PROOFS Below is a proof of the Symmetric Property of 
Segment Congruence. 


GIVEN >» DE = FG De———____eF 


PROVE » FG = DE 


1. 
2 
3. 
4 


a. 


Fe———*G 


STATEMENTS REASONS 
DE = FG 1. Given 
. DE = FG 2. Definition of congruent segments 
FG = DE 3. Symmetric Property of Equality 
. FG= DE 4. Definition of congruent segments 
Compare this proof to the proof of the Symmetric Property of Angle 


Congruence in the Concept Summary on page 114. What makes the 
proofs different? Explain. 


. Explain why Statement 2 above cannot be FG = DE. 


Using Alternative Methods 
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de ee «| CTIVITY Use before Lesson 2.7 


2./ Angles and Intersecting Lines 


MATERIALS ~ graphing calculator or computer 


What is the relationship between the measures of the 
angles formed by intersecting lines? 


You can use geometry drawing software to investigate the measures of angles 
formed when lines intersect. 


( EXpLorE 1 ] Measure linear pairs formed by intersecting lines 


STEP 1| Draw two intersecting lines Draw and label AB. Draw and label CD so 
—- 
that it intersects AB. Draw and label the point of intersection E. 


STEP 2 STEP 3 


Type a name: 


EXPLORE1 


Measure angles Measure ZAEC, ZAED, Save Save as “EXPLORE1” by choosing 
and Z DEB. Move point C to change the Save from the F1 menu and typing the 
; angles. name. 


. ww ae Ca es em) Use your observations to complete these exercises 


1. Describe the relationship between 7 AEC and 2 AED. 
2. Describe the relationship between 7 AED and 2 DEB. 
3. What do you notice about 7AEC and 2 DEB? 
4 


. In Explore 1, what happens when you move C to a different position? 
Do the angle relationships stay the same? Make a conjecture about two 
angles supplementary to the same angle. 


5. Do you think your conjecture will be true for supplementary angles that 
are not adjacent? Explain. 
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[ Expiore 2 } Measure complementary angles 


STEP 1| Draw two perpendicular lines Draw and label AB. Draw point E on AB. 
— 


Draw and label EC L AB. Draw and label point Don EC so that Eis between C 
and Das shown in Step 2. 


STEP 2 STEP 3 


Draw another line Draw and label EG Measure angles Measure 27 AEF, Z FED, 
so that Gis in the interior of 7 CEB. ZCEG, and ZGEB. Move point G to 
Draw point F on EG as shown. Save as change the angles. 

“EXPLORE2”. 


{ Expiore 3 ] Measure vertical angles formed by intersecting lines 


STEP 1| Draw two intersecting lines Draw and label AB. Draw and label CD 
imc 
so that it intersects AB. Draw and label the point of intersection E. 


STEP 2| Measure angles Measure ZAEC, Z AED, Z BEC, and 2 DEB. Move 
point C to change the angles. Save as “EXPLORE3”. 


Ee Naa Ca a teyone@® Use your observations to complete these exercises 


6. In Explore 2, does the angle relationship stay the same as you move G? 


7. In Explore 2, make a conjecture about the relationship between 7 CEG 
and 24 GEB. Write your conjecture in if-then form. 


8. In Explore 3, the intersecting lines form two pairs of vertical angles. 
Make a conjecture about the relationship between any two vertical 
angles. Write your conjecture in if-then form. 


9. Name the pairs of vertical angles in Explore 2. Use this drawing to test 
your conjecture from Exercise 8. 


2.7 Prove Angle Pair Relationships 
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2 7 Prove Angle Pair 
°“ Relationships 


You identified relationships between pairs of angles. 
[ Now | You will use properties of special pairs of angles. Se 


=), aa 
So you can describe angles found in a home, as in Ex. 44. 
Key Vocabulary Sometimes, a new theorem describes a relationship that is useful in writing 
* complementary proofs. For example, using the Right Angles Congruence Theorem will reduce 
angles, p. 35 the number of steps you need to include in a proof involving right angles. 
* supplementary 
angles, p. 35 


THEOREM For Your Notebook 


¢ linear pair, p. 37 
¢ vertical angles, 
p. 37 


THEOREM 2.3 Right Angles Congruence Theorem 


cece 


> Allright angles are congruent. 
Proof: below 


eceed 


Right Angles Congruence Theorem 
: WRITE PROOFS 


eeereerrrrrrertererreterrtririey 2 GIVEN P 4/1 and 72 are right angles. 

: When you prove 

: a theorem, write PROVE P 71 = 42 1 2 
: the hypothesis of 


: the theorem as the 


; GIVEN statement. The STATEMENTS | REASONS 
: conclusion is what you : : 
: must PROVE. 1. Zl and 22 are right angles. 1. Given 
2.mZ1 = 90°, mZ2 = 90° 2. Definition of right angle 
3. mZ1=mZ2 3. Transitive Property of Equality 
4.Z1= 22 4. Definition of congruent angles 
( EXAMPLE 1 J Use right angle congruence 
Write a proof. 
: AVOID ERRORS =. SS Se 
3 seseeces soseee ceesvececseecseceed > GIVEN P AB | BC, DCL BC G D 
: The given information 
: in Example 1 is about PROVE » “B= ZC 4 
: perpendicular lines. You a B 
> must then use deductive 
: reasoning to show the 
: angles are right angles. STATEMENTS REASONS 


1. AB 1 BC, DCL BC 
2. ZBand Z Care right angles. 
3. ZB=ZC 


1. Given 
2. Definition of perpendicular lines 
3. Right Angles Congruence Theorem 
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THEOREMS For Your Notebook 


THEOREM 2.4 Congruent Supplements Theorem 


If two angles are supplementary to the same 


angle (or to congruent angles), then they are i 
congruent. 1 


2 
If 71 and 22 are supplementary and <q 


Z3 and 22 are supplementary, then 71 = 23. 
Proof: Example 2, below; Ex. 36, p. 129 


THEOREM 2.5 Congruent Complements Theorem 


If two angles are complementary to the same 

angle (or to congruent angles), then they are 

congruent. we 
If 24 and 25 are complementary and 


Z6and £5 are complementary, then 74 = 46. 
Proof: Ex. 37, p. 129; Ex. 41, p. 130 


To prove Theorem 2.4, you must prove two cases: one with angles 
supplementary to the same angle and one with angles supplementary to 
congruent angles. The proof of Theorem 2.5 also requires two cases. 


( EXAMPLE 2 ) Prove a case of Congruent Supplements Theorem 


Prove that two angles supplementary to the same angle are congruent. 


GIVEN > /1 and 22 are supplements. 
Z3and 22 are supplements. 


3 
PROVE » 41 = 43 INNZ 
STATEMENTS | REASONS _ 
1. Zl and 22 are supplements. 1. Given 
Z3 and 22 are supplements. 
2.mZ1+mZ2 = 180° 2. Definition of supplementary angles 


mZ3 + mZ2 = 180° 


3.mZ1+mZ2=mZ3+mZ2 3. Transitive Property of Equality 
4.mZ1=mZ3 4. Subtraction Property of Equality 
5. Z1= 23 5. Definition of congruent angles 
Paimateac eometry at classzone.com 


vo GUIDED PRACTICE for Examples 1 and 2 


1. How many steps do you save in the proof in Example 1 by using the Right 
Angles Congruence Theorem? 


2. Draw a diagram and write GIVEN and PROVE statements for a proof of 
each case of the Congruent Complements Theorem. 


2.7. Prove Angle Pair Relationships 


125 


INTERSECTING LINES When two lines intersect, pairs of vertical angles 

and linear pairs are formed. The relationship that you used in Lesson 1.5 
for linear pairs is formally stated below as the Linear Pair Postulate. This 
postulate is used in the proof of the Vertical Angles Congruence Theorem. 


POSTULATE For Your Notebook 


POSTULATE 12 Linear Pair Postulate 


If two angles form a linear pair, then they are supplementary. 


: Z1land 22 form a linear pair, so 71 and 72 are 
> supplementary and mZ1 + mZ2 = 180°. a 2 


THEOREM For Your Notebook 


THEOREM 2.6 Vertical Angles Congruence Theorem 


Vertical angles are congruent. 


» Proof: Example 3, below 41= 23,22=24 


( EXAMPLE 3 } Prove the Vertical Angles Congruence Theorem 


Prove vertical angles are congruent. 


GIVEN > 75 and 47 are vertical angles. 


7 

PROVE P 25 = 247 5 

STATEMENTS REASONS 
icc a wana 1, 25 and 27 are vertical angles. 1, Given 
surrnennnmeenine mnprerens nce 2. Z5 and 26 are a linear pair. 2. Definition of linear pair, as shown 
ee eras lnianka Z6and 47 area linear pair. in the diagram 
: labeled in a diagram in : ; 
? your proof, 3. 25 and 46 are supplementary. 3. Linear Pair Postulate 

Z6and £7 are supplementary. 
4.25=27 4. Congruent Supplements Theorem 


vo GUIDED PRACTICE _ for Example 3 


In Exercises 3-5, use the diagram. 

3. IfmZ1 = 112°, find mZ2, mZ3, and mZ4. 
4. If mZ2 = 67°, find mZ1,m2Z3, and mZ4. 
5. If mZ4 = 71°, find mZ1, mZ2, andm2Z3. 
6 


. Which previously proven theorem is used in Example 3 as a reason? 
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* ( EXAMPLE 4 } Standardized Test Practice 


: ELIMINATE CHOICE : 5 : 
; eerie 8 Which equation can be used to find x? 
: Look for angle pair 


: relationships in the @® 32+ (3x+ 1) =90 
: diagram. The angles 
: in the diagram are 32 + (3x + 1) = 180 
: supplementary, not _ 
: complementary or © 32=3x+1 
: congruent, so eliminate @®M 3x+1=212 
: choices A and C. 
Solution 


Because 7 TPQ and 4 QPR form a linear pair, the sum of their measures is 180°. 
> The correct answer is B. @® © ® 


vo GUIDED PRACTICE for Example 4 


Use the diagram in Example 4. 


7. Solve for x. 8. Find m2 TPS. 


EXERCISES = “™"2iy) O-mngraunsouron 
2.7 KEY: on p. WS1 for Exs. 5, 13, and 39 
%& = STANDARDIZED TEST PRACTICE 
Exs. 2, 7, 16, 30, and 45 


SKILL PRACTICE 


1. VOCABULARY Copy and complete: If two lines intersect at a point, then 
the ? angles formed by the intersecting lines are congruent. 


2. *& WRITING Describe the relationship between the angle measures of 
complementary angles, supplementary angles, vertical angles, and 
linear pairs. 


: EXAMPLES IDENTIFY ANGLES Identify the pair(s) of congruent angles in the 
: land2 figures below. Explain how you know they are congruent. 
: on pp. 124-125 


b for Exs. 3-7 4. ZABCis supplementary to 2 CBD. 


Z CBD is supplementary to 2 DEF. 


P L WwW Y, 
45 58° 
44° 32° 
G H K M x Z 


2.7. Prove Angle Pair Relationships 127 


: EXAMPLE 3 


—— aiconaebe 
: for Exs. 8-11 


: EXAMPLE 4 


— coment 
: for Exs. 12-14 
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7. *& SHORT RESPONSE The x-axis and y-axis in a coordinate plane are 
perpendicular to each other. The axes form four angles. Are the four 
angles congruent right angles? Explain. 

FINDING ANGLE MEASURES In Exercises 8-11, use the diagram at the right. 
8. If mZ1 = 145°, find mZ2, mZ3, and mZ4. 
9. If mZ3 = 168°, find mZ1,mZ2, and mZ4. 

10. If m 24 = 37°, find mZ1, mZ2, and mZ3. 

11. If mZ2 = 62°, find mZ1, mZ3, and mZ4. 


@) ALGEBRA Find the values of x and y. 
14. (10x — 4)° 


16y° 
(18y — 18)° 


6(x + 2)° 


15. ERROR ANALYSIS Describe the error in stating 


that 71 = Z4and 72 = Z3. Nie YN) 3 LE 
23 
a L2= 23 : 4 


16. * MULTIPLE CHOICE Ina figure, 7A and 2D are complementary angles 
and mZ A = 4x°. Which expression can be used to find mZ D? 


CA) (4x + 90)° (180 — 4x)° ©) (180 + 4x)° @) (90 — 4x)° 
FINDING ANGLE MEASURES In Exercises 17-21, copy and complete the 
statement given that m2 FHE = mZ BHG = mz AHF = 90°. 

17. If mZ3 = 30°, thenmZ6= 2. 

18. If m2 BHF = 115°, then m3 = _2. 

19. If mZ6 = 27°, thenmZ1= 2. 

20. If mZ DHF = 133°, then mZ CHG = _2. 
21. IfmZ3 = 32°, thenmZ2= 2. 


ANALYZING STATEMENTS Two lines that are not perpendicular intersect 
such that 21 and 22 are a linear pair, 71 and 24 area linear pair, and 71 
and 73 are vertical angles. Tell whether the statement is true. 


22. Z1= 42 23. Z1= 23 24. Z1= 74 
25. 23 = 22 26. 22= 24 27. mMZ3 + MZA = 180° 


@) ALGEBRA Find the measure of each angle in the diagram. 
28. 29. 


(6x + 50)° 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED 
on p. WS1 TEST PRACTICE 


30. * OPEN-ENDED MATH In the diagram, mZ CBY = 80° 
= 
and XY bisects Z ABC. Give two more true statements B 


about the diagram. 


DRAWING CONCLUSIONS In Exercises 31-34, use the given statement 
to name two congruent angles. Then give a reason that justifies your 
conclusion. 


31. 
32. 
33. 
34. 


35. 


In triangle GFE, GH bisects Z EGF. 


Z1isasupplement of 26, and 29 is a supplement of 26. 


AB is perpendicular to CD, and AB and CD intersect at E. 


Z5is complementary to 712, and 71 is complementary to 212. 


CHALLENGE Sketch two intersecting lines j and k. Sketch another pair of 
lines £ and m that intersect at the same point as j and k and that bisect 
the angles formed by j and k. Line £ is perpendicular to line m. Explain 


why this is true. 


PROBLEM SOLVING 
: EXAMPLE2 | 36. PROVING THEOREM 2.4 Prove the second case of the Congruent 
? on p. 125 Supplements Theorem where two angles are supplementary to 
: for Ex. 36 congruent angles. 


37. 


GIVEN > 71 and 22 are supplements. 
Z3 and 24 are supplements. 


Z1=244 
PROVE P 42 = 43 


\W LL 
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PROVING THEOREM 2.5 Copy and complete the proof of the first 
case of the Congruent Complements Theorem where two angles are 


complementary to the same angles. 


GIVEN > 71 and 72 are complements. 
Z1land 243 are complements. 


PROVE P 42 = 43 


LL 


STATEMENTS REASONS 

1. Zl and 22 are complements. 1.2? 
Z1and 243 are complements. 

2.mZ1+ mZ2 = 90° Qe git 


mZ1+mZ3 = 90° 


3. _ 2 
4. _? 
5. 22 = 23 


3. Transitive Property of Equality 
4. Subtraction Property of Equality 


5. 


2 
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2.7. Prove Angle Pair Relationships 
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PROOF Use the given information and the diagram to prove the statement. 


38. GIVEN P “ABD is aright angle. GIVEN > JK | JM, KL | ML, 
Z CBE is aright angle. ZJ=2ZM,ZK=2ZL 
PROVE > ZABC = Z DBE PROVE » JM 1 ML and JK 1 KL 
A B J K 
E M L 
C D 


40. MULTI-STEP PROBLEM Use the photo of the folding table. 


a. If mZ1 = x°, write expressions for the other 
three angle measures. 


b. Estimate the value of x. What are the 
measures of the other angles? 1 A383 


c. As the table is folded up, 24 gets smaller. 4 
What happens to the other three angles? 
Explain your reasoning. 


41. PROVING THEOREM 2.5 Write a two-column proof for the second case of 
Theorem 2.5 where two angles are complementary to congruent angles. 


WRITING PROOFS Write a two-column proof. 


42, GIVEN P 471 = 43 43. GIVEN P 2 QRS and Z PSR are 
PROVE P 42= 44 supplementary. 
PROVE » 7 QRL= 2 PSR 


44, STAIRCASE Use the photo and the given 
information to prove the statement. 


GIVEN > 21 is complementary to 23. 
Z2is complementary to 24. 


PROVE P 41 = 44 


— —=7 —> 
45. *& EXTENDED RESPONSE STV is bisected by TW, and TX and TW are 
opposite rays. You want to show 2 STX = 2 VTX. 


a. Draw a diagram. 
b. Identify the GIVEN and PROVE statements for the situation. 
c. Write a two-column proof. 


= WORKED-OUT SOLUTIONS %* = STANDARDIZED 
130 on p. WS1 TEST PRACTICE 


46. USING DIAGRAMS Copy and complete the statement with <, >, or =. 


mZ3_2_ mZ7 

1 
mZ8 + mZ6_2?_ 150° LS. ; 
. Ifm2Z4 = 30°, thenm45_2._ mZz4 


ao sp 


CHALLENGE In Exercises 47 and 48, write a two-column proof. 


47. GIVEN ® mZWYZ = mZTWZ = 45° 48. GIVEN > The hexagon is regular. 
PROVE P ZSWZ= ZXYW PROVE » m1 + mZ2 = 180° 


de 


MIXED REVIEW 
; PREVIEW In Exercises 49-52, sketch a plane. Then sketch the described situation. (p. 2) 
fe epare sar _ 49. Three noncollinear points that lie in the plane 


: Lesson 3.1 
: in Exs. 49-52. 50. A line that intersects the plane at one point 


51. Two perpendicular lines that lie in the plane 
52. A plane perpendicular to the given plane 


53. Sketch the next figure in the pattern. (p. 72) 


QUIZ for Lessons 2.6-2.7 


Match the statement with the property that it illustrates. (p. 112) 


1. If HJ = LM, then LM = Hj. A. Reflexive Property of Congruence 
2. IfZ1=2Z2and 22 = 44, then 71 = 44. B. Symmetric Property of Congruence 
3. ZXYZ= ZXYZ C. Transitive Property of Congruence 


4. Write a two-column proof. (p. 124) 


GIVEN > 7 XWYis a straight angle. 
ZZWVisa straight angle. 


PROVE P 4 XWV= ZZWY 
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MIXED REVIEW ofprobiem solving Op see resronacrice, 
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Lessons 2.5-2.7 


1. MULTI-STEP PROBLEM In the diagram below, 5. EXTENDED RESPONSE A formula you can 


—? — 
BD bisects Z ABC and BC bisects 2 DBE. 


a. Prove mZABD = mZ CBE. 


b. If mZ ABE = 99°, what is mZ DBC? 
Explain. 


. SHORT RESPONSE You are cutting a 
rectangular piece of fabric into strips that 
you will weave together to make a placemat. 
As shown, you cut the fabric in half 
lengthwise to create two congruent pieces. 
You then cut each of these pieces in half 
lengthwise. Do all of the strips have the same 
width? Explain your reasoning. 


use to calculate the total cost of an item 
including sales tax is T = c(1 + s), where 

Tis the total cost including sales tax, cis the 
cost not including sales tax, and s is the sales 
tax rate written as a decimal. 


a. Solve the formula for s. Give a reason for 
each step. 


b. Use your formula to find the sales tax rate 
on a purchase that was $26.75 with tax 
and $25 without tax. 


c. Look back at the steps you used to solve 
the formula for s. Could you have solved 
for sin a different way? Explain. 


. OPEN-ENDED In the diagram below, 


mZ GAB = 36°. What additional information 
do you need to find mZ BAC and mZ CAD? 
Explain your reasoning. 


. GRIDDED ANSWER The cross section of a 
concrete retaining wall is shown below. Use 
the given information to find the measure 
of 71 in degrees. 


mZ1=mZ2 
MmZ3=mZ4 
mZ3 = 80° 


mZ1+mZ2+mZ3+ mZ4 = 360° 


. EXTENDED RESPONSE Explain how the 
Congruent Supplements Theorem and the 
Transitive Property of Angle Congruence 
can both be used to show how angles that 
are supplementary to the same angle are 
congruent. 


Chapter 2. Reasoning and Proof 


. SHORT RESPONSE Two lines intersect to 


form 71, 72, 73, and 74. The measure of 
Z3 is three times the measure of 71 and 
mZ1=m2Z2. Find all four angle measures. 
Explain your reasoning. 


. SHORT RESPONSE Part of a spider web is 


shown below. If you know that 7 CAD and 
—= 
Z DAE are complements and that AB and 


AF are opposite rays, what can you conclude 
about Z BAC and 2 EAF? Explain your 
reasoning. 


CHAPTER SUMMARY 


BIG IDEAS For Your Notebook 
Big Idea @ Using Inductive and Deductive Reasoning 


> When you make a conjecture based on a pattern, you use inductive 

> reasoning. You use deductive reasoning to show whether the conjecture 
is true or false by using facts, definitions, postulates, or proven theorems. 
If you can find one counterexample to the conjecture, then you know the 
conjecture is false. 


Big Idea ( 2) ; Understanding Geometric Relationships in Diagrams 


The following can be assumed from the diagram: 
: A, B, and C are coplanar. 


ZABH and Z HBF are a linear pair. 

Plane T and plane S intersect in BC. 

CD lies in plane S. 

ZABC and Z HBF are vertical angles. 
AB L plane S. 


Diagram assumptions are reviewed on page 97. 


Big Idea © - Writing Proofs of Geometric Relationships 


> You can write a logical argument to show a geometric 

» relationship is true. In a two-column proof, you use 
deductive reasoning to work from GIVEN information 
to reach a conjecture you want to PROVE. 


Diagram of geometric 
relationship with given 


GIVEN > The hypothesis of an if-then statement inforiation labcledite 


PROVE > The conclusion of an if-then statement help you write the proof 
STATEMENTS REASONS 

1. Hypothesis 1. Given 

n. Conclusion n. 

Statements based on facts that you Use postulates, proven theorems, 

know or conclusions from deductive definitions, and properties of 

reasoning numbers and congruence as reasons. 


Proof summary is on page 114. 
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CHAPTER REVIEW @HomeTutor 


classzone.com 
+ Multi-Language Glossary 
Vocabulary practice 


? See pp. 926-931 
: for a list of 
: postulates and ¢ inductive reasoning, p. 73 


* conjecture, p. 73 ¢ if-then form, p. 79 ¢ deductive reasoning, p. 87 


hypothesis, conclusion * line perpendicular to a plane, p.98 


* negation, p. 79 


: theorems. * counterexample, p. 74 * proof, p. 112 


* conditional statement, p. 79 * equivalent statements, p. 80 


converse, inverse, * perpendicular lines, p. 37 
contrapositive 


*two-column proof, p. 112 


¢ theorem, p. 113 
* biconditional statement, p. 82 


VOCABULARY EXERCISES 
1. Copy and complete: A statement that can be proven is called a(n) _?_. 


2. WRITING Compare the inverse of a conditional statement to the converse of the 
conditional statement. 


3. You know mZA = mZ Band mz B= mZC. What does the Transitive Property 
of Equality tell you about the measures of the angles? 


REVIEW EXAMPLES AND EXERCISES 


Use the review examples and exercises below to check your understanding 
of the concepts you have learned in each lesson of Chapter 2. 


Use Inductive Reasoning 


Describe the pattern in the numbers 3, 21, 147, 1029, ..., and write the next 
three numbers in the pattern. 


Each number is seven times the previous number. 


3} All, 147, MOD); 3:60 


Se Nee 
<7 <7/ Se 7/ 7 


So, the next three numbers are 7203, 50,421, and 352,947. 


EXERCISES 
: EXAMPLES 4. Describe the pattern in the numbers —20,480, —5120, —1280, —320,.... 
? 2and5 Write the next three numbers. 
: On pp. 72-74 . ; F . 
: for Exs. 4—5 5. Find a counterexample to disprove the conjecture: 


If the quotient of two numbers is positive, then the two numbers must 
both be positive. 
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Chapter Review Practice 


2.2 | Analyze Conditional Statements pp. 79-85 


Write the if-then form, the converse, the inverse, and the contrapositive of 
the statement “Black bears live in North America.” 


a. If-then form: If a bear is a black bear, then it lives in North America. 
b. Converse: If a bear lives in North America, then it is a black bear. 


c. Inverse: If a bear is not a black bear, then it does not live in 


North America. 
d. Contrapositive: If a bear does not live in North America, then it is not a 
black bear. 
EXERCISES 
; EXAMPLES 6. Write the if-then form, the converse, the inverse, and the contrapositive 
:2,3,and4 of the statement “An angle whose measure is 34° is an acute angle.” 
lee 5 7. Is this a valid definition? Explain why or why not. 
“If the sum of the measures of two angles is 90°, then the angles 
are complementary.” 
8. Write the definition of equiangular as a biconditional statement. 
Apply Deductive Reasoning pp. 87-93 
Use the Law of Detachment to make a valid conclusion in the true situation. 
If two angles have the same measure, then they are congruent. You know 
that mZA = mZB. 
> Because mZA = mZB satisfies the hypothesis of a true conditional 
statement, the conclusion is also true. So, ZA = ZB. 
EXERCISES 
: EXAMPLES 9. Use the Law of Detachment to make a valid conclusion. 
MELA TO If an angle is a right angle, then the angle measures 90°. 2 Bis a right angle. 
: on pp. 87-89 
? for Exs. 9-11 10. Use the Law of Syllogism to write the statement that follows from the pair 


of true statements. 
If x = 3, then 2x = 6. 
If 4x = 12, then x = 3. 
11. What can you say about the sum of any two odd integers? Use inductive 


reasoning to form a conjecture. Then use deductive reasoning to show 
that the conjecture is true. 
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: EXAMPLES 


eae Dead et a 
: for Exs. 12-13 


CHAPTER REVIEW 


Use Postulates and Diagrams pp. 96-102 


ZABC, an acute angle, is bisected by BE. Sketch a diagram that represents 
the given information. 
1. Draw Z ABC, an acute angle, and label points A, B, and C. e 


2. Draw angle bisector BE. Mark congruent angles. c 


EXERCISES 


12. Straight angle CDE is bisected by DK. Sketch a diagram that represents 
the given information. 


13. Which of the following statements cannot be 
assumed from the diagram? 


(® A, B, and Care coplanar. 

CD L plane P 

©) A, F, and Bare collinear. 

@ Plane Mintersects plane Pin FH. 


2.5 Reason Using Properties from Algebra pp. 105-111 


: EXAMPLES 


: on pp. 105-106 
: for Exs. 14-17 


Solve 3x + 2(2x + 9) = —10. Write a reason for each step. 
3x + 2(2x + 9) = —10 Write original equation. 
3x + 4x + 18 = —10 Distributive Property 
(e636 ifs} = Ay) Simplify. 
7X = -—28 Subtraction Property of Equality 
x=-A4 Division Property of Equality 


EXERCISES 

Solve the equation. Write a reason for each step. 

14. —9x — 21 = —20x — 87 15. 15x + 22 = 7x + 62 

16. 3(2x + 9) = 30 17. 5x + 2(2x — 23) = —154 
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Prove Statements about Segments and Angles pp. 112-119 


Prove the Reflexive Property of Segment Congruence. 


GIVEN P AB is a line segment. 
PROVE > AB = AB 


STATEMENTS _ | REASONS . 
1. ABis a line segment. | 1. Given 
2. AB is the length of AB. _ 2, Ruler Postulate 
3. AB = AB _ 3. Reflexive Property of Equality 
4. AB = AB | 4. Definition of congruent segments 
EXERCISES 
; EXAMPLES Name the property illustrated by the statement. 
Fase 18. If ZDEF = ZJKL, 19. ZC=ZC 20. If MN = PQ and PQ = RS, 
pase then ZJKL = 2 DEF. then MN = RS. 


: for Exs. 18-21 
21. Prove the Transitive Property of Angle Congruence. 


Prove Angle Pair Relationships pp. 124-131 


GIVEN P 45= 46 
PROVE > 44 = 47 4 <> 7 


STATEMENTS __ REASONS 
Il, 45 = 26 1. Given 
(oy (AE ES ASS 2. Vertical Angles Congruence Theorem 
3.24 = 26 3. Transitive Property of Congruence 
APAG =i, 4. Vertical Angles Congruence Theorem 
5. Z4= 27 5. Transitive Property of Congruence 
EXERCISES 
: EXAMPLES In Exercises 22 and 23, use the diagram at the right. 
? 2 and 
b eleenatinnitli 22, If mZ1 = 114°, find mZ2, mZ3, and mZ4. Le 


: on pp. 125-126 
: for Exs. 22-24 23. If mZ4 = 57°, find mZ1, mZ2, andmZ3. 


24. Write a two-column proof. 


GIVEN > 23 and 22 are complementary. 
mZ1+mZ2 = 90° 


PROVE P 43 = 41 
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CHAPTER TEST 


Sketch the next figure in the pattern. 


ILALIE] 9 KH 


Describe the pattern in the numbers. Write the next number. 
3. = 6; =1).4, 97208 4. 100, —50, 25, -12.5,... 
In Exercises 5-8, write the if-then form, the converse, the inverse, and the 
contrapositive for the given statement. 
5. Allright angles are congruent. 6. Frogs are amphibians. 
7. 5x + 4 = —6, because x = —2. 8. A regular polygon is equilateral. 
9. If you decide to go to the football game, then you will miss band 


practice. Tonight, you are going the football game. Using the Law of 
Detachment, what statement can you make? 


10. If Margot goes to college, then she will major in Chemistry. If Margot 
majors in Chemistry, then she will need to buy a lab manual. Using 
the Law of Syllogism, what statement can you make? 

Use the diagram to write examples of the stated postulate. 

11. Aline contains at least two points. 

12. A plane contains at least three noncollinear points. 


13. If two planes intersect, then their intersection is a line. 


Solve the equation. Write a reason for each step. 
14. 9x + 31 = —23 15. —7(—x + 2) = 42 16. 26 + 2(3x + 11) = —18x 
In Exercises 17-19, match the statement with the property that it 

illustrates. 

17. If ZRST = ZXYZ, then ZXYZ = Z RST. A. Reflexive Property of Congruence 

18. PQ= PQ B. Symmetric Property of Congruence 

19. If FG=JKandJK=LM,thenFG=LM.  C. Transitive Property of Congruence 

20. Use the Vertical Angles Congruence Theorem 


to find the measure of each angle in the 
diagram at the right. 


21. Write a two-column proof. 


GIVEN ® AX = DX, XB = XC 
PROVE > AC = BD 
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SIMPLIFY RATIONAL AND RADICAL EXPRESSIONS 
xy) | EXAMPLE 1 ) Simplify rational expressions 
| 2x? 


pia b 3x7 ap Die 
* Axy * 9x+6 


Solution 


| To simplify a rational expression, factor the numerator and denominator. Then 
divide out any common factors. 


> Ix? - ee x b Bx + Ox _ wiser 2) x 
“ Axy 2+2+x7y dy OG ~ SEea-2) 7 8 
[xy] | EXAMPLE 2 ] Simplify radical expressions 
a. V54 b. 2V5 — 5V2 — 3V5 c. (3V2)(—6V6) 
Solution 
a. V54 =V9-V6 Use product property of radicals. 
= 3V6 Simplify. 


b. 2V5 — 5V2 — 3V5 = -V5 — 5V2 Combine like terms. 


c. (3V2)(-6V6) = -18V12 Use product property and associative property. 
= -18 + 2V3 Simplify V12. 
= -36V3 Simplify. 
EXERCISES 
: EXAMPLE1 __ Simplify the expression, if possible. 
OnE 5x4 ~12ab} 5m + 35 
1. — 2. 3. 
20x" 9a*b 5 
36m — 48m k+3 m+4 
A. ro 5. 5b 3 6. mee 
7, 12x +16 3, —3e g, 3x = 6x 
8 + 6x 5x + 8x" 6x? — 3x 


: EXAMPLE 2 Simplify the expression, if possible. All variables are positive. 


; for Exs. 10-24 


10. V75 11. —V180 12, +V128 

13. V2 —V18 + V6 14, V28 — V63 — V35 15. 4V8 + 3V32 
16. (6V5)(2v2) 17. (—4V10)(—5v5) 18. (2V6)* 

19. \(25)? 20. Vx? 21. V-(@2 

22. \/(3y)? 23. V3? + 22 24, Vh2 + k? 
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Scoring Rubric 


Full Credit 
* solution is complete 
and correct 


Partial Credit 

* solution is complete 
but has errors, 
or 

* solution is without 
error but incomplete 


No Credit 

* no solution is given, 
or 

¢ solution makes no 
sense 


PPrerrrrrrrrrrrrirri rrr titi irri? > 


The method of 


representation is clearly 


explained. 


A eee eee eneeeeeseeeesesseseeeeees) SS 


The conclusion is 
correct and shows 


understanding of the 


problem. 


se ecevcccccesccccccccsescessesees) — 
The reasoning behind 


the answer is explained 


clearly. 


EXTENDED RESPONSE QUESTIONS 


PROBLEM 


Seven members of the student government (Frank, Gina, Henry, 
Isabelle, Jack, Katie, and Leah) are posing for a picture for the school 
yearbook. For the picture, the photographer will arrange the students in 
a row according to the following restrictions: 


Henry must stand in the middle spot. 

Katie must stand in the right-most spot. 

There must be exactly two spots between Gina and Frank. 
Isabelle cannot stand next to Henry. 


Frank must stand next to Katie. 


a. Describe one possible ordering of the students. 


. Which student(s) can stand in the second spot from the left? 


. If the condition that Leah must stand in the left-most spot is added, 


will there be exactly one ordering of the students? Justify your 
answer. 


Below are sample solutions to the problem. Read each solution and the 
comments in blue to see why the sample represents full credit, partial 
credit, or no credit. 


SAMPLE 1: Full credit solution 


a. 


b. 


Using the first letters of the students’ names, here is one possible 
ordering of the students: 


ILGHJFK 
The only students without fixed positions are Isabelle, Leah, and 


Jack. There are no restrictions on placement in the second spot from 
the left, so any of these three students can occupy that location. 


. Henry, Frank, Katie, and Gina have fixed positions according to the 


restrictions. If Leah must stand in the left-most spot, the ordering 
looks like: 


Because Isabelle cannot stand next to Henry, she must occupy the 
spot next to Leah. Therefore, Jack stands next to Henry and the only 
possible order would have to be: 


Yes, there would be exactly one ordering of the students. 
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SAMPLE 2: Partial credit solution 


steeeeeeeeseeeeeeeeeseeeeeeeeeed » a. One possible ordering of the students is: 

The answer to part (a) is Jack, Isabelle, Gina, Henry, Leah, Frank, and Katie. 

correct. 

nenesupnemmnentonentterensceereng »  b. There are three students who could stand in the second spot from the 
sol (b) e correct but not left. They are Isabelle, Leah, and Jack. 

explained. 

sersseeeeeeeessceseeeseeeesseesed » cc. No, there would be two possible orderings of the students. With Leah 
The student did not recall in the left-most spot, the ordering looks like: 

that Isabelle cannot . . 

stand next to Henry; Leah, —_—, Gina, Henry, a, Frank, and Katie 

HiStetere, Mis ian eltean Therefore, the two possible orderings are 

is incorrect. 


Leah, Isabelle, Gina, Henry, Jack, Frank, and Katie 
or 
Leah, Jack, Gina, Henry, Isabelle, Frank, and Katie. 


SAMPLE 3: No credit solution 


stesseeeeeneessesseseneeeesssesed » a. One possible ordering of the students is LG J HIF K. 
The answer to part (a) 


ie imewereet berate b. There are four students who can stand in the second spot from the 
Isabelle is next to Henry. left. Those students are Leah, Gina, Isabelle, and Jack. 
steeeeeeeseeeeeeeeeesseeeeeeee »  c. The two possible orderings are LGJ HIFK andLJGHIFK. 


Parts (b) and (c) are 
based on the incorrect 
conclusion in part (a). 


PRACTICE Apply the Scoring Rubric 


1. Astudent’s solution to the problem on the previous page is given below. 
Score the solution as full credit, partial credit, or no credit. Explain your 
reasoning. If you choose partial credit or no credit, explain how you would 
change the solution so that it earns a score of full credit. 


a. A possible ordering of the students is|-J-G-H-L-F-K. 


b. There are no restrictions on the second spot from the left. Leah, 
Isabelle, and Jack could all potentially stand in this location. 


c. The positions of Gina, Henry, Frank, and Katie are fixed. 
Sea S@ chair ol. 
Because lsabelle cannot stand next to Henry, she must occupy 


the left-most spot or the second spot from the left. There are no 
restrictions on Leah or Jack. That leaves four possible orderings: 


lIsvleGelaalLelrois< leLe@eled (Folks 

belle oiled) elF ait selle@ellebelF ol 
If the restriction is added that Leah must occupy the left-most spot, 
there is exactly one ordering that would satisfy all conditions: 


L-1-G-H-J-F-K. 
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EXTENDED RESPONSE 


1. Insome bowling leagues, the handicap H of a bowler with an average 


score A is found using the formula H = 4(200 — A). The handicap is then 
added to the bowler’s score. 


a. Solve the formula for A. Write a reason for each step. 
b. Use your formula to find a bowler’s average score with a handicap of 12. 


c. Using this formula, is it possible to calculate a handicap for a bowler 
with an average score above 200? Explain your reasoning. 


. Asurvey was conducted at Porter High School asking students what form of 


transportation they use to go to school. All students in the high school were 
surveyed. The results are shown in the bar graph. 


a. Does the statement “About 1500 students ; 
attend Porter High School” follow from the Travel to Porter High School 
data? Explain. 

b. Does the statement “About one third of all 


students at Porter take public transit to 
school” follow from the data? Explain. 


=~ 
i) 
So 


Number of 
students 
ipo] 
S 


c. John makes the conclusion that Porter 
High School is located in a city or a city Car Public School Walk 
suburb. Explain his reasoning and tell if transit bus 
his conclusion is the result of inductive Type of transportation 
reasoning or deductive reasoning. 


d. Betty makes the conclusion that there are twice as many students 
who walk as take a car to school. Explain her reasoning and tell if her 
conclusion is the result of inductive reasoning or deductive reasoning. 


. The senior class officers are planning a meeting with the principal and some class 


officers from the other grades. The senior class president, vice president, treasurer, 
and secretary will all be present. The junior class president and treasurer will attend. 
The sophomore class president and vice president, and freshmen treasurer will attend. 
The secretary makes a seating chart for the meeting using the following conditions. 


The principal will sit in chair 10. The senior class treasurer will sit at the 
other end. 


The senior class president will sit to the left of the principal, next to the 
junior class president, and across from the sophomore class president. 


All three treasurers will sit together. The two sophomores will sit next to 
each other. 


The two vice presidents and the freshman treasurer will sit on the same 
side of the table. 


a. Draw a diagram to show where everyone will sit. 


(=\ (=) (@\ (@\ 


b. Explain why the senior class secretary must sit between the junior class 
president and junior class treasurer. 


c. Can the senior class vice-president sit across from the junior class 
president? Justify your answer. 
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MULTIPLE CHOICE GRIDDED ANSWER 


4. If d represents an odd integer, which of the 6. Use the diagram to find the value of x. 
expressions represents an even integer? 


@ d+2 


raed (15x — 5)° 

@© 3d+1 

@M 3d+2 7. Three lines intersect in the figure shown. 
What is the value of x + y? 


5. In the repeating decimal 0.23142314. .., 
where the digits 2314 repeat, which digit 
is in the 300th place to the right of the 


decimal point? 

@ 1 

8. Ris the midpoint of PQ, and S and Tare 

© 3 the midpoints of PR and RQ, respectively. 
SHORT RESPONSE 


9. Is this a correct conclusion from the given information? If so, explain why. 
If not, explain the error in the reasoning. 


If you are a soccer player, then you wear shin guards. Your friend is 
wearing shin guards. Therefore, she is a soccer player. 


10. Describe the pattern in the numbers. Write the next number in the pattern. 
192, —48, 12, —3,... 


11. Points A, B, C, D, E, and F are coplanar. Points A, B, and F are collinear. 
The line through A and B is perpendicular to the line through C and D, 
and the line through C and Dis perpendicular to the line through E and F. 
Which four points must lie on the same line? Justify your answer. 


12. Westville High School offers after-school tutoring with five student 
volunteer tutors for this program: Jen, Kim, Lou, Mike, and Nina. On any 
given weekday, three tutors are scheduled to work. Due to the students’ 
other commitments after school, the tutoring work schedule must meet 
the following conditions. 


Jen can work any day except every other Monday and Wednesday. 
Kim can only work on Thursdays and Fridays. 

Lou can work on Tuesdays and Wednesdays. 

Mike cannot work on Fridays. 

Nina cannot work on Tuesdays. 


Name three tutors who can work on any Wednesday. Justify your answer. 
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